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[57] ABSTRACT 


A disk drive control architecture provides for the stor- 
age and retrieval of data with respect to a rotating 
media and for the transfer of data with respect to a host 
in response to host commands. The control architecture 
provides for the execution of a plurality of background 
processes for controlling the spin speed of the rotating 
media, controlling the positioning of the sensor and 
controlling the reading and writing of data with respect 
to the rotating media. The control architecture further 
provides for foreground processes for controlling the 
background processes. The foreground processes in- 
clude an interface task, for coordinating the background 
processes in the execution of host commands and a 
monitor task integral to the interface task such that the 
monitor task is capable of implementing diagnostic 
commands capable of accessing all of the resources of 
the control architecture. The transfer.of diagnostic 
commands and resultant diagnostic information may be 
directed through a dedicated data communications 
channel separate from the data channel used for the 
transfer of commands and data with respect to the host. 


14 Claims, 17 Drawing Sheets 


US. Patent Dec. 18, 1990 Sheet 1 of 17 4,979,055 


FIGURE | 


US. Patent Dec. 18, 1990 Sheet 2 of 17 4,979,055 


FIGURE 2a 


SECTOR N.;| SECTOR No|SECTOR N; |SECTOR No 


SERVO|SYNC|;00'/SYNC | ata | mca 


FIGURE 2b 


SECTOR 
all 


—— 


| a FIGURE 2d 
| SPIN rowlacr SPIN | FIGURE 2e 


US. Patent Dec. 18, 1990 Sheet 30f17 4,979,055 


24 
SPIN CTL 
SERIAL 1/0 GATE A 
SPIN SNS GATE 8 
PEAK A HEAD SEL 
PEAK B SECTOR PWM 
DAC SEL 
GAIN SEL 
PHASE SEL 
RAW DATA SECTOR MARK 
88 INDEX 
SYS CLK eee 
68 
40 


FIGURE 3 


US. Patent Dec. 18, 1990 Sheet 40f17 4,979,055 


sys sys 
cTL 4/0 GLK 


FIGURE 4 


US. Patent Dec. 18, 1990 Sheet 50f17 4,979,055 


148 
= E2PRom] ~/46 


152 150 
62 / 
SCl SERIAL I/O 


156 —_- 154 
52 
SPIN SNS 
ADC 5 PEAK A 
—" PEAK B 
158 86 


SPIN CTL 
a ig A GATE A 
GATE B 


SCTR MARK 
8 


80 
INDEX 


HEAD SEL 
76 


FIGURE 5 


US. Patent Dee. 18, 1990 Sheet 60f17 4,979,055 
A/D ore 


64 66 204 


GC 
GREY CODE S/R 
E_CLK 


D 
88 [ pDET | iésecror 
RAW ARK 


78 


| 7 
DATA E OLK 
192 7 
198 —s | 
SYS CLK 210 — 
GLK GEN PHASE 
6 
ae ATCH ‘ras a 
D 94 
214 
CTL 80 


ee) 


DECODE Lem INDEX 
A/D e CTL [i> ac sev 
LATCH GAIN SEL 
190-216 D RAMo-2 
x ; 
84 
ef A/B PEAK A 
30 
220 RESET PEAK B 
86 


FIGURE 6 218 


US. Patent — Dee. 18, 190 Sheet 70f17. 4,979,055 
FIGURE 7 


PHASE 
SEL 


= COIL A 
70 
COIL B 
SPIN CTL 
COIL C 
SPIN SNS 


354A 
FIGURE 8 


US. Patent Dec. 18, 1990 Sheet 80f17 4,979,055 


72 
GATE A 292 
84 
P/H PEAK A 
74 290 
GATE B 294 
276 PEAK B 
RAW DATA 
272 
HD, 
HDo 
HO SEL HD; 
HD, 
126 
WRT 268 
GATE 
RD 262 
GATE 
128 
DATA 
Ee ea 
266 
NRZ 
DATA 
130 
68 
SYS 
CLK 
DATA 
CLK 


132 37 FIGURE 9 


US. Patent Dec. 18, 1990 Sheet 90f17 4,979,055 


FIGURE 10a ie fh aa 
FIGURE IOb it oe i vy ATT 


UU eee Perey 
re ae peels GATE B 


Figure ioc Hit aa ald 


US. Patent Dec. 18, 1990 Sheet 10 of 17 4,979,055 
FIGURE Ila 


Sp 


6 | 


44 | 
TARGET 


FIGURE IIb 


16 T 


FIGURE IIc 


16 T 


FIGURE IId 


US. Patent Dec. 18, 1990 Sheet 110f17 4,979,055 


25 27 s 


FIGURE |2 


FIGURE I3a 


FIGURE I3b 


FIGURE I3c 


FIGURE I3d : a 
| ry rl ees | 


q,4,0,0,0,  6,b,b,b,b, c,c,c,¢,c, t 


4,979,055 


US. Patent Dec. 18, 
R 


FIGURE 1/4 


US. Patent Dec. 18, 1990 Sheet 13 0f17 4,979,055 
DISPATCH 


FIGURE 15 


US. Patent Dec. 18, 1990 Sheet 140f17 4,979,055 


INTS 


FIGURE 16 


US. Patent Dec. 18, 1990 Sheet 150f17 4,979,055 
INT 4 


A.l 


@ eee = 


A.4 (ee 
ait RTI A.6 (te 


US. Patent Dec. 18, 1990 Sheet 16 of 17. 4,979,055 
INT O 


I 
M.l2 —_ FIGURE 1/8 
RTL 


US. Patent Dee. 18, 1990 Sheet 17 0f17 4,979,055 


A7,AD _. 
Mor M8 --. 


RI! FIGURE 19 


4,979,055 


1 


DISK DRIVE SYSTEM CONTROLLER 
ARCHITECTURE UTILIZING EMBEDDED 
REAL-TIME DIAGNOSTIC MONITOR 


This application a continuation of Ser. No. 058,289, 
filed June 2, 1987, now abandoned. 


CROSS-REFERENCE TO RELATED 
APPLICATIONS 


The present application is related to the following 
Applications, all assigned to the Assignee of the present 
Application: 

1. Disk Drive System Controller Architecture, in- 
vented by J. P. Squires et al, application Ser. No. 
057,289, filed June 2, 1987; 

2. Disk Drive Software System Architecture, in- 
vented by J. P. Squires, application Ser. No. 057,806, 
filed June 2, 1987; 

3. Actuator for Disk Drive, invented by F. M. Ste- 
fansky, application Ser. No. 056,602, filed May 29, 1987; 

4. Latch Mechanism for Disk Drives, invented by F. 
M. Stefansky et al, application Ser. No. 056,142, filed 
May 29, 1987; 

5. Disk Drive Architecture, invented by F. M. Ste- 
fansky et al, application Ser. No. 056,584; filed May 29, 
1987. 

6. Method and Apparatus for Brushless DC Motor 
Speed Control, invented by J. P. Squires et al, applica- 
tion Ser. No. 880,754; filed July 1, 1986. 


FIELD OF THE INVENTION 


The present invention is generally related to rotating 
media type data storage devices and, in particular, to an 
efficient manner of implementing an integral monitor 
and diagnostic function in a software controlled second- 
ary mass data storage device typically employing rotat- 
ing magnetic media for the storage and retrieval of data. 


BACKGROUND OF THE INVENTION 


There has been and continues to be an ever-increasing 
demand for secondary mass storage peripherals capable 
of storing ever greater amounts of data in machine-read- 
able form. This desire is coupled to a need to concur- 
rently decrease the average time required to access any 
particular stored data. In addition, there is the commer- 
cial necessity to also reduce the costs associated with 
such secondary mass data storage devices. 

Advances in the development of conventional hard- 
disk drive type data storage peripherals have been made 
to generally satisfy, albeit temporarily, the aforemen- 
tioned desires. The principal gains in total data storage 
capability come from improvements in the achievement 
of linear recording bit densities in excess of 14,000 flux 
changes per inch and track densities of greater than 
1,000 per inch. Some gains in the reduction of average 
access times have come from mechanical improvements 
in the actuator arm design and construction. Some mea- 
surable gains have also been achieved through the utili- 
zation of dedicated electronic controllers to manage 
actuator seek operation and thereby yield a net reduc- 
tion in the average access time. This use of dedicated 
hardware is often extended to provide dedicated con- 
trol of the spin motor rate of rotation and the closed 
loop actuator control needed to precisely follow a sin- 
gle track. This extended use of dedicated electronic 
control hardware is generally encouraged since it 
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2 
broadly reduces the cost of manufacture and assembly 
of disk drives. 

Unfortunately, the use of dedicated electronic hard- 
ware architecturally reduces the design, initial setup 
and long term operative flexibility of the disk drive. 
Unique trimming or tailoring of the electronic and me- 
chanical components of a disk drive, particularly with 
respect to one another, is sacrificed for the low cost 
mass producibility of the dedicated electronic control 
hardware. 

The use of non-dedicated electronic hardware in 
place of dedicated hardware also raises problems. The 
coordination of multiple active processors in real time is 
difficult and the multiplicity of hardware, both the pro- 
cessors and the coordinating control logic, is expensive. 
Alternately, the utilization of a single active processor 
in place of the dedicated hardware conventionally is 
avoided due the apparently necessary intricacy of the 
diverse control functions that must be performed, each 
in real time. 

Another problem with the use of dedicated hardware 
arises from the difficulty of testing and monitoring the 
dynamic operation of the disk drive system. In-depth 
testing is normally performed as part of final assembly 
quality control. The throughput of drive manufacture is 
limited by the length and complexity of such testing and 
the availability of dedicated testing stations. In addition, 
such testing is often desirable for monitoring the live 
operation of the drive system and for evaluating the 
cause of any premature failure. The use of dedicated 
testing hardware usually means that the drive must be 
removed from operation, thereby precluding live test- 
ing. In any case, potential drive faults must be diag- 
nosed systematically again through the use of external 
testing hardware. 


SUMMARY OF THE INVENTION 


A purpose of the present invention is therefore to 
realize a highly flexible disk drive control system utiliz- 
ing a single active processor that, by the architectural 
design of its embedded, real-time software, permits a 
high degree of self-testing and monitoring of operating 
conditions, both for initial quality control burn-in and 
during the live operation of the system. 

This is achieved in the present invention by the use of 
a control architecture that provides for the storage and 
retrieval of data with respect to a rotating media and for 
the transfer of data with respect to a host in response to 
host commands, wherein the data is read and written by 
a sensor with respect to the rotating media. The control 
architecture includes a plurality of background pro- 
cesses for controlling the spin speed of the rotating 
media, the positioning of the sensor and the reading and 
writing of data with respect to the rotating media. The 
control architecture further provides for a forground 
process for controlling the transfer of data with respect 
to the host. The forground process includes an interface 
task, for coordinating the background processes in the 
execution of host commands, and a monitor task inte- 
gral to the interface task such that the monitor task is 
capable of implementing diagnostic commands having 
access to all of the resources of the control architecture. 
The transfer of diagnostic commands and resultant di- 
agnostic information is through a dedicated data com- 
munications channel separate from the data channel 
used for the transfer of commands and data with respect 
to the host. 
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Thus, an advantage of the present invention is that 
the monitor is integral and embedded in the actual oper- 
ational hardware, thereby requiring a minimal amount 
of external diagnostic hardware to perform quality con- 
trol analysis. In addition, the embedded nature of the 
monitor task allows a complete examination and analy- 
sis of the conditions and parameter values of the control 
architecture in managing mechanical and electrome- 
chanical hardware of the drive system during operation. 

Another advantage of the present invention is that 
the unique operating characteristics of the control sys- 
tem in operating the mechanical and electromechanical 
hardware can be displayed for evaluation and the corre- 
sponding optimal operational parameters then stored 
with respect to the individual unit. 

A further advantage of the present invention is that 
the embedded monitor is capable of detecting dynamic 
and sporatically occurring exception conditions in real 
time and storing the corresponding operational parame- 
ters and other data relating to specific exception condi- 
tions for subsequent display and analysis. 


BRIEF DESCRIPTION OF THE DRAWINGS 


These and other attendant advantages and features of 
the present invention will become apparent and readily 
appreciated as the same becomes better understood by 
reference to the following detailed description of the 
invention when considered in conjunction with the 
accompanying drawings, in which like reference nu- 
merals designate like parts throughout the figures 
thereof, and wherein: 

FIG. 1 is a simplified block diagram of the control 
system and its relationship to the actuator and rotating 
media in accordance with a preferred embodiment of 
the present invention; 

FIGS. 2a-e present a diagrammatic explosion of the 
format and constituency of a track sector in accordance 
with a preferred embodiment of the present invention; 

FIG. 3 provides a block diagram of the microcon- 
troller and system support digital sections of the control 
system of the present invention; 

FIG. 4 provides a block diagram of the interface and 
digital control and data buffering section of the read/- 
write controller of the present invention; 

FIG. 5 is a detailed block diagram of the microcon- 
toller preferred for use in conjunction with the present 
invention; 

FIG. 6 is a detailed block diagram of the general 
system support digital hardware as implemented for a 
preferred embodiment of the present invention; 

FIG. 7 is a schematic block diagram of a digital to 
analog converter/current driver circuit for controlling 
and adjusting the position of the actuator in accordance 
with the present invention; 

FIG. 8 is a block diagram of the motor control circuit 
utilized to select and adjust the rotational position of the 
rotating media in accordance with the present inven- 
tion; 

FIG. 9 is a detailed block diagram of the data channel 
circuitry utilized in a preferred embodiment of the pres- 
ent invention; 

FIGS. 10a-c are successively processed raw data 
waveforms associated with an A/B burst; 

FIG. 11a is a diagram of position versus speed illus- 
trating three separate actuator seek operations; 

FIGS. 11b-d are diagrams of actuator current versus 
time for the respective seek operations illustrated in 
FIG. 11a; ; 
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FIG. 12 is a timing diagram illustrating the commuta- 
tion of a three-phase DC motor utilized to drive the 
rotating media in a preferred embodiment of the present 
invention; 

FIGS. 13a-d are diagrams illustrating the relation 
between the spin commutation period and the rotational 
speed of the rotating media in accordance with the 
present invention; 

FIG. 14 is a software state diagram illustrating the 
reset process flow, including the interface and diagnos- 
tic monitor task, in accordance with a preferred em- 
bodiment of the present invention; 

FIG. 15 a software transition diagram illustrating an 
enhanced data exchange structure for exchanging data 
between a foreground interface and diagnostic monitor 
task and a number of background tasks as implemented 
in a preferred embodiment of the present invention; 

FIG. 16 is a software transition diagram illustrating 
the process control flow of a sector background task; 

FIG. 17 is a software transition diagram illustrating 
the process control flow of an actuator control back- 
ground task; ; 

FIG. 18 is a software transition diagram illustrating 
the process control flow of a spin motor speed control 
background task; and 

FIG. 19 is a software transition diagram illustrating 
the process control flow of a read/write background 
task. 


DETAILED DESCRIPTION OF THE 
INVENTION 


I. System Overview 


A disk drive system controller, generally indicated by 
the reference numeral 10 and having a system control 
architecture consistent with the principals of the pres- 
ent invention, is shown in FIG. 1. The preferred em- 
bodiments of the present invention utilize the system 
controller 10 to operate a rotating data storage media, 
such as a plated magnetic disk 12, driven by a DC, 
commutatorless spin motor 14, and to control an actua- 
tor 16 for the proper positioning of an arm 18 and one or 
more heads 20 so that data may be written to or read 
from a selected concentric track provided on the mag- 
netic surface of the disk 12 for the storage of data. The 
mechanical structure, mechanical support and electro- 
mechanical operation of the rotating media 12, DC spin 
motor 14 and actuator assembly 16, 18, 20 is described 
in detail in the related applications Disk Drive Archi- 
tecture, Actuator for Disk Drive and Latch Mechanism 
for Disk Drives noted above as related applications. 
These applications and the subject matter contained 
therein are hereby incorporated by reference. The dis- 
tinctive mechanical and electromechanical aspects of 
the preferred embodiments of the present invention are 
the use of an essentially flat baseplate for the mounting 
of spin motor and actuator assemblies. The baseplate is 
flexibly attached to a faceplate. A cover encloses the 
baseplate and assemblies and is sealed to the faceplate. 
The spin motor assembly includes the spin motor 14 and 
one or more hard disk plates as the rotating media 12. 
The hard disk plates employ a plated magnetic layer on 
a 95 millimeter diameter substrate (a so-called 3.5 inch 
disk) to record concentric data tracks on both disk sur- 
faces having, in alternate embodiments, 27 and 33 sec- 
tors per track to obtain data rates of eight and ten mega- 
bits per second, respectively at a disk spin speed of 3600 
revolutions per minute. Each track sector is formatted 
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to provide embedded servo information and a data stor- 
age capacity of 512 bytes of data. All of the disk sur- 
faces are available for the recording of data due to the 
‘use of the embedded servo information. Using two to 
eight surfaces, formatted data storage capacities of 20 to 
over 100 megabytes can be readily achieved within a 3.5 
inch, half-height form factor. Finally, due to the mini- 
mum rotating mass, and therefore reduced bearing fric- 
tion, an efficient actuator voice coil driver and the mini- 
mal system controller electronics, the total power disa- 
pation of the preferred embodiments is less than about 
7.7 watts, and more typically about 5 watts. 

The system controller 10, in the preferred embodi- 
ments of the present invention, performs all of the essen- 
tial support processes necessary to permit an external 
host, typically a data processing system (not shown), to 
store and retrieve data from the rotating media 12. The 
central component of the system controller 10 is a mi- 
crocontroller 24. In the preferred embodiments of the 
present invention, the microcontroller 24 is realized as a 
Motorola MC68HC11 HCMOS single chip microcom- 
puter. This particular microcontroller 24 is described in 
the Motorola Semiconductor Technical Data Book for 
the MC68HC11A8 HCMOS single chip Microcom- 
puter Technical Data Book (ADI 1207) available from 
Motorola, Incorporated, Motorola Literature Distribu- 
tion, P. 0 Box 20912, Phoenix, Ariz. 85036. A read only 
memory (ROM) 26, coupled to the microcontroller 24 
by an address, data and control bus 490, is utilized to 
store a control program for the microcontroller 24. As 
will be described in greater detail below, this control 
program provides for the support of five principal tasks 
by the microcontroller 24. These tasks include inter- 
face, actuator, spin motor, read/write and monitor. An 
interface controller 28 is provided to support the mi- 
crocontroiler 24 in carrying out the interface task. The 
interface controller 28, in a preferred embodiment of 
the present invention, is an Adaptec AIC-500 Small 
Computer System Interface (SCSI) interface controller 
chip as manufactured and distributed by Adaptec, In- 
corporated and described in the AIC-500 SCSI Inter- 
face Controller Data Sheet number 50000X-00 available 
from Adaptec, Incorporated, 580 Cottonwood Drive, 
Milpitas, Calif. 95035. The interface controller 28, in 
general, is required to provide the hardware interface 
capability to support a communications bus 60 for the 
transfer of commands and data between the system 
controller 10 and the external host. 

Hardware support of the actuator task of the mi- 
crocontroller 24 is provided by the actuator controller 
32. Directed by the microcontroller 24 through the 
provision of control signals and data via the address 
data and control bus 40, the actuator controller 32 
drives the electromagnetic positioning voice coil of the 
actuator 16 by the selection of an appropriate voice coil 
current drive level provided to the actuator by lines 46. 
The spin motor task is supported in hardware by the 
motor controller 34. A preferred motor control circuit 
and the principles of its operation are disclosed in 
Method and Apparatus for Brushless DC Motor Speed 
Control, J. P. Squires, et al, Serial Number 880,754, 
filed July 1, 1986, and is expressly incorporated by ref- 
erence. In brief, the motor controller 34 provides for 
the generation of the multiphase DC motor commuta- 
tion signals to the DC spin motor 14 via the motor 
winding drive lines 50. An analog feedback signal 
(SPIN SNS) is provided via line 52 to the microcon- 
troller 24. 
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Finally, the read/write task is supported in hardware 
by a read/write controller 36. The principal functions 
of the read/write controller 36 are data buffering, en- 
coding/decoding serialization, deserialization and data 
clock recovery. Serialized data is transferred to and 
from the read/write heads 20 of the actuator assembly 
16, 18, 20 via data lines 56. The read/write controller 36 
is controlled by and exchanges parallel data with the 
microcontroller 24 via the address, data and control bus 
40. 

Additional hardware support for the actuator con- 
troller 32, motor controller 34 and read/write control- 
ler 36 is provided by a control support circuit 30. The 
functions of the controller support circuit 30 are gener- 
ally to process sector servo bursts and to provide 
latched control signals to the actuator, spin motor and 
read/write controllers 32, 34, 36 via control lines 44, 48, 
54, 


II. Sector-Data Storage Overview 


Consistent with conventional disk drive data storage 
schemes, data is stored on the rotating media 12 of the 
present invention on concentric tracks centered about 
the spin axis of the media. Where there are multiple 
media surfaces for the recordation of data, data cylin- 
ders are defined as consisting of those tracks having a 
common spin radius. The tracks themselves are divided 
into track sectors defined as lying within a fixed radial 
arc. A portion of a single track is diagramed in FIG. 2a 
as a linear series of sectors. A single sector, No, is ex- 
ploded in FIG. 2b as generally indicated by the solid 
lines between the Figures to show its principal constitu- 
ent data fields. In order, each sector, consistent with the 
present invention, is composed of a servo burst fol- 
lowed by a synchronization, or sync, field, a sector 
address header field, another sync field, a data field 
providing for the storage of typically 512 data bytes, 
and an error correction code (ECC) field. The ECC 
field is typically followed by an intersector gap extend- 
ing to the beginning of the next sector’s servo burst 
field. 

The servo burst field of FIG. 26 is shown exploded 
into its constituent parts in FIG. 2c. as generally indi- 
cated by the solid lines between the Figures The initial 
field is a servo sync field that serves to allow the mi- 
crocontroller 24 to generally synchronize itself, in real- 
time, to the servo burst field. Sector mark and grey 
code fields then follow in succession. The sector mark 
field is defined as a complete absence of servo data 
followed by a data transition. In the preferred embodi- 
ments of the present invention, the sector mark is repre- 
sented as the first transition following the absence of 
any servo data for at least three servo sync clock cycles. 
By timing the period between detected sector marks, 
the rotational speed of the media 12 can be gauged quite 
accurately. The grey code field that immediately fol- 
lows the sector mark is an FM encoded digital value 


’ representing the track or cylinder number of the sector 
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currently under a head 20. 

After a filler field, A/B Burst fields are provided. As 
diagrammatically shown, the A/B Burst fields are non- 
overlapping and are physically written on the media 12 
offset from the center line of the track. In the preferred 
embodiment of the present invention, the A/B Burst 
fields are both written utilizing a constant frequency 
and head voltage amplitude. This permits any differ- 
ence in the relative head voltage amplitude upon each 
subsequent reading of the respective A/B Bursts to be 
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utilized as an indicator of the position of the head 20 
relative to the center line of the track. Finally, a filler 
sync field completes the servo burst field. 


III. Microcontroller Software Architecture Overview 


The control program provided in the ROM 26 ena- 
bles the microcontroller 24 to support the complex and 
diverse processes of actuator control, spin motor con- 
trol, read/write control and interface control, all in real 
time. The software architecture of the control program 
establishes the interface process as a foreground, or 
nominally executing, task. The execution of the inter- 
face task requires the microcontroller 24 to support the 
interface controller 28 in the performance of commands 
received from the external host and in the coordination 
of data transfers between the interface and read/write 
controllers 28, 36. The actuator, spin motor and read/- 
write processes are supported as background tasks of 
nominally equal priority as between one another and 
higher priority with respect to the foreground interface 
task. The nominally equal priority of the background 
tasks is achieved by scheduling the execution of each of 
the tasks throughout the rotational period of each sector 
or sector period as generally shown in FIG. 2d as gener- 
ally indicated by the solid lines between the Figures 
Where the actual sector period is not available, such as 
when the rotating media 12 is stopped or not rotating at 
full speed, a default sector period is used. A sector task, 
composed of subtasks including spin motor, read/write, 
and actuator tasks is initiated during the sector gap prior 
to the beginning of the servo burst of each sector as 
generally indicated by the dashed lines between the 
FIGS. 2 and 2d. The subtasks of the sector task include 
commutating the spin motor 14, recognizing any new or 
pending messages from the interface process, and 
scheduling the initiation of actuator, spin motor and 
read/write process tasks during the current sector per- 
iod as generally indicated by the dashed lines between 
the FIGS. 25 and 2d. In preferred embodiments of the 
present invention, the actuator task is initiated by set- 
ting a timed interrupt to occur at about one-eighth of 
the duration of the sector period from the beginning of 
the current sector. At about the midpoint of the sector 
period, a second timed interrupt is set to occur to initi- 
ate the spin motor task. Finally, a timed interrupt to 
reinitiate the sector task will be set to occur during the 
sector gap at the end of the current sector period. The 
timing of this last timed interrupt is chosen to control 
the spin motor. Depending on whether there is a new or 
pending read/write operation requested by the inter- 
face task, either or both of the actuator and spin motor 
tasks will chain, in the preferred embodiments of the 
present invention, directly to the read/write task to 
perform any required read/write operation. The sector 
and read/write tasks, and the actuator and spin motor 
tasks if they do not chain respectively to the read/write 
task, will each end by the execution of a return-from- 
interrupt microcontroller instruction that will restore 
the interrupted foreground interface task to active exe- 
cution. Consequently, essentially all of the available 
microcontroller processing capability is utilized in the 
performance of the processes necessary to implement 
the essential functions of the system controller 10. 
There is no execution time wasted in the performance of 
task scheduling operations or other overhead functions 
as is typically required in conventional multi-tasking 
computer systems. Rather, the present invention 
achieves real time responsive, multi-tasking operation 
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through time-based task scheduling of the sector, actua- 
tor, spin motor and read/write processes. 


IV. Digital System Controller 


Referring now to FIG. 3, the microcontroller 24 
supports a multiplexed address and data bus 64 and a 
control bus 66 as its principal means of communicating 
to the various higher level components of the system 
controller 10. The buses 64, 66 also permit the mi- 
crocontroller 24 to obtain its control program instruc- 
tions and initialization data from the ROM 26. A system 
clock signal (SYS CLK) nominally running at 16 mega- 
hertz, is provided on a clock line 68. In order to monitor 
and control various other elements of the control sys- 
tem 10, the microcontroller 24 sources a spin control 
signal (SPIN CTL) via line 70 to the motor controller 
34, Gate A and B signals on lines 72, 74 to enable the 
detection of the A/B Burst, and head selection signals 
via line 76 to select a specific one of the potentially 
multiple, typically four, read/write heads 20 for use in a 
current read or write operation. The microcontroller 24 
will receive a sector mark signal via line 78 from the 
control support circuit 30 when a sector mark is physi- 
cally detected from the rotating media 12. On recogni- 
tion of a proper sector mark, the microcontroller 24 will 
source a read/write timing signal (Sector PWM), via 
line 82, to synchronize the read/write controller 36 
with the current sector. If the sector for which the 
current sector mark is determined to be the index sector 
of the current track, the microcontroller 24 will provide 
an index signal via line 80 from the controller support 
circuit 30 for the duration of the current index sector 
period. 

The microcontroller 24 receives the analog spin sense 
signal (SPIN SNS) via line 52 at an input of an internal 
analog-to-digital converter within the microcontroller 
24. The spin sense signal is a voltage feedback signal 
indicative of a motor winding characteristic, such as 
current, provided by the motor controller 34. Other 
analog inputs of the internal analog to digital converter 
receive analog Peak A and Peak B signals via lines 84, 
86. The Peak A and Peak B signals are indicative of the 
respective A and B burst amplitudes read from the A/B 
Burst Fields of the current sector. 

The controller support circuit 30 is principally pro- 
vided to perform low-level, high-speed functions that 
could not be conveniently performed directly by the 
microcontroller 24. These high-speed functions include 
detecting the occurrence of a sector mark and capturing 
the grey code value read from the grey code field of the 
current sector. Otherwise, the controller support circuit 
30 operates as a simple latched output port expander for 
the microcontroller 24. The sector mark and grey code 
capture functions are driven by raw, clock separated 
data received from the read/write controller 36. The 
controller support circuit 30, functioning as a latched 
output port for the microcontroller 24, provides actua- 
tor enable and actuator gain select signals, via lines 90, 
92 to the actuator controller 32. Similarly, commutation 
phase select signals are provided, via line 94, to the 
motor controller 34 and ram bank select signals, via 
lines 96, are provided to the read/write controller 36. 

The interface controller 28 and the control and data 
buffering portion of the read/write controller 36 are 
shown in FIG. 4. The dual port ram controller 100 and 
the read/write disk controller 112 are preferably the 
Adaptec AIC-300 Dual Port Buffer Controller and the 
Adaptec AIC-010 Winchester Controller Chips, both 
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also available from Adaptec, Incorporated. The buffer 
function itself is performed by a random access memory 
(RAM) device 110. In the preferred embodiments of the 
present invention, the RAM 110 is a static 64 kilobit, 
single CMOS memory chip organized as 8K by 8 bit. 

The interface controller 28 implements at least the 
common core of the high-level SCSI protocols, thereby 
permitting the host to communicate with the system 
controller via a standard SCSI bus. Alternately, the 
interface controller 28 may implement the buffering 
control logic necessary to permit connection to a con- 
ventional “AT” type peripheral interface conriector. 

The disk controller 112 implements the control logic 
needed to support a low-level data channel circuit 300 
(shown and described below with respect to FIG. 9) 
that completes the read/write controller 36. Read and 
Write Gate signals, enabled in timed response to the 
receipt of the sector PWM signal from the microcon- 
troller 24, are provided. via lines 126, 128 to enable 
respective raw data read and write operations. Non- 
return-to-zero (NRZ) data is bidirectionally exchanged 
with the data channel circuit 300 via data line 130. A 
data direction sensitive data clock signal (DATA CLK) 
is provided to the disk controller 112 via a data clock 
line 132. This data clock signal, as generated by the data 
channel circuit 300, is specifically synchronized to the 
raw data as read or written with respect to the rotating 
media 12. 

The dual port RAM controller 100 coordinates all 
memory accesses of the RAM 110. Requests for RAM 
access are placed by the interface controller 28 via the 
request/acknowledge (R/Ao) control lines 114 and by 
the disk controller 112 via the separate request/ac- 
knowledge (R/Aj) control lines 124 to the dual port 
RAM controller 100. Data transfers between the inter- 
face controller 28, the RAM 110 and the disk controller 
112 occur over a dedicated data bus 118. RAM ad- 
dresses and transfer enable control signals are generated 

. by the dual port RAM controller 100 and provided to 
the RAM 110 via the address lines 120 and the enable 
control lines 122. High-order RAM addresses, acting as 
memory bank select signals, are provided to the RAM 
110 from the controller support circuit 30 via address 
lines 96. All accesses by the microcontroller 24 to the 
RAM 110 are through the disk controller 112. 

The primary flows of data occurring ultimately be- 
tween the external host and read/write heads 20 are 
buffered through the RAM 110. Typically, a command 
or request for the transfer of data will be placed by the 
external host to the interface controller 28 via the inter- 
face bus 60. The interface controller 28, performing the 
necessary hardware and software protocol handshaking 
to receive the command request, will place a formatted 
command request in a reserved portion of the RAM 
buffer 110. If data is being provided by the external 
host, the interface controller 28 will also provide for the 
transfer and storage of the received data into a buffer 
section of the RAM 110. The disk controller 112 is 
alerted to the presence of the pending command request 
by the interface controller 28 by the read/write control 
lines 116. The microcontroller 24 may monitor the state 
of the read/write control lines 116 by periodically inter- 
rogating an internal register of the disk controller 112 
via the control and address data buses 66, 64. 

To implement a pending command/request, the mi- 
crocontroller 24 will access the RAM 110 via the disk 
controller 112 and dual port controller 110 to determine 
the nature of the command and whether the command 
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may be honored. If honorable, the microcontroller 24 
implements the command by programming and en- 
abling the disk controller 112. If the command involves 
data provided by the external host to be transferred to 
the rotating media 12, the disk controller 112 is pro- 
grammed by the microcontroller 24 as to the storage 
destination of the data and the quantity of data transfer. 
The disk controller 112 then obtains the data directly 
from the RAM 110, serializes the data and ultimately 
provides the data to the data channel circuit 248 via the 
NRZ data line 130. 

If, however, the command request placed by the 
external host is for the transfer of the data from the 
rotating media 12, the microcontroller 24, again in re- 
sponse to the formatted command placed by the inter- 
face controller 28 in the RAM 110, will program the 
disk controller 112 to obtain the requested information 
from the sectors of the rotating media 12 specified by 
the command. When enabled, the disk controller will 
receive the data via the NRZ data line 130 and transfer 
the data into the buffer section of the RAM 110. On 
completion of the data transfer, or some unit portion 
thereof, the disk controller 112 will notify the interface 
controller 28 of the availability of the requested data by 
a signal placed via the read/write control lines 116. The 
interface controller 28 will then initiate the hardware 
handshaking or software protocol signalling necessary 
to alert the external host of the availability of the re- 
quested data. On acknowledgement by the host, the 
interface controller 2, will transfer the buffered data 
from the RAM 110 to the interface bus 60. 


A. The Microcontroller 


FIG. 5 provides a detailed block diagram of the sub 
elements of the microcontroller 24. Central to the mi- 
crocontroller 24 is a microprocessor core component 
140 that implements the standard functions of a conven- 
tional microcomputer, such as the Motorola 6800 family 
of microcomputers. The microprocessor core 140 is, 
however, extended to support its various on-chip pe- 
ripheral devices. These peripheral devices include a 256 
byte block of RAM memory 142 selectable as a source 
or destination of data by the microprocessor core 140 
via control lines 144. An electrically erasable program- 
mable read-only memory (EEPROM) 146, having a 
capacity of 512 bytes of data is accessible by the micro- 
processor core 140 for reading and writing (program- 
ming) via control lines 148. A serial communications 
interface (SCI) 150 is provided to support a standard 
asynchronous serial input/output bus 62 and thereby 
establish a communications route to and from the sys- 
tem controller 10 independent of the host interface bus 
60. The aforementioned analog-to-digital conversion 
capability is realized as an analog-to-digital converter 
(ADC) 154 having an integral multiplexed input con- 
trolled by the microprocessor core 140 via control lines 
156 to permit the separate receipt of the SPIN SNS, 
PEAK A and PEAK B analog signals via respective 
analog multiplexer input lines 52, 84, 86. A bus interface 
unit (BIU) 158, controlled from the microprocessor 
core 140 via control lines 160, is provided to support the 
multiplexed address and data bus 64 and to supply the 
system control signals in support thereof via the control 
bus 66. A timer input/output (TIO) unit 162, controlled 
by the microprocessor core 140 via control lines 164, 
provides a bank of digital timers. For purposes of the 
present invention, three such digital timers are utilized 
to provide for the programmatically timed generation 


4,979,055 


11 
of the spin control, GATE A and GATE B signals on 
line 70, 72, 74. A fourth counter of the TIO 162 receives 
the sector mark signal as generated by the controller 
support circuit 30 via lines 78 to permit the accurate 
timing of sector periods. A parallel input/output (PIO) 
unit 168 is utilized as a latched output port to provide 
the head select signals via lines 76 and to receive, as an 
input, the index signal, indicating whether the current 
sector is the index sector of the current track. The func- 
tion of the PIO 168 is controlled by the microprocessor 
core 140 via the control lines 170. The final program- 
matically controlled unit of the microcontroller 24 is an 
interrupt controller 172. The various counters of the 
TIO 162 generate respective interrupts when they reach 
a@ programmatically defined count value. These inter- 
rupts are respectively directed to the interrupt control- 
ler 172 via interrupt lines 176. The microprocessor core 
140 is immediately called via interrupt controller lines 
174, to service the interrupting event as identified by the 
respective interrupt that occurs. Finally, an on-chip 
oscillator 178 is provided to generate the internal timing 


signals required by the microprocessor core 140 and the 


TIO unit 162. The oscillator 178 receives the system 
clock signal via clock line 68 and, in turn, generates a 
microcontroller internal clock signal that is provided 
via internal clock line 180. Although not shown, the 
microcontroller 24 communicates with each of its on- 
chip addressable peripheral devices by way of an inter- 
nal data bus. _ 


B. Controller Support Circuit 


FIG. 6 provides a detailed block diagram of the mini- 
mal controller support hardware required by the pres- 
ent invention as realized in the controller support cir- 
cuit 30. The microcontroller 24 programmatically ac- 
cesses and controls the controller support circuit 30 via 
a decoder 190 coupled to the address and data and 
control buses 64, 66. A clock generator 192, driven by 
the system clock signal provided via clock line 68, syn- 
chronizes all operations of the decoder 190 by the pro- 
vision of an internal clock signal via clock line 194 to 
the decoder 190. A sector mark detection circuit 200 is 
provided within the controller support circuit to per- 
form the actual task of detecting the occurrence, in real 
time, of a sector mark. For this purpose, the mark detec- 
tor circuit 200 receives the raw, clock separated, data 
signal provided from the low level data channel circuit 
300 via the raw data input line 88 and a date clock 
counting signal from the clock generator 192 via clock 
line 198. The microcontroller 24 enables the mark de- 
tector 200 by accessing the decoder 190 to provide a 
search enable signal on line 203 and thereby initiate the 
beginning of a mark search. The mark detector circuit 
200 fundamentally implements a clocked serial shift 
register circuit to that provides a signal on finding three 
successive data clock periods where there are no corre- 
sponding raw data transitions. Immediately on detect- 
ing the occurrence of such a circumstance, the mark 
detection circuit generates a sector mark pulse that is 
provided to the microcontroller 24 via the sector mark 
signal line 78. The mark detector circuit then goes inac- 
tive until enabled for the next sector mark search. 

A grey code shift register is provided within the 
controller support circuit 30 to capture the grey code 
value as it is read from the grey code field. Generally, 
the grey code shift register is enabled by the microcon- 
troller 24 at the same time that it initiates a sector mark 
search operation. However, for purposes of flexibility, 
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the grey code shift register receives a separate enable 
signal from the decoder 190 via enable line 202. The 
grey code shift register 206 also receives the raw data 
from data line 88 and data clock signal from clock line 
198 in parallel with the mark detector circuit 200. The 
grey code shift register 206 receives the sector mark 
signal from the mark detector circuit 200 to initiate with 
the very next clock period the acquisition of the raw 
data from the raw data line 88. Fundamentally, the grey 
code shift register implements a serial-to-parallel shift 
register function. The serial-to-parallel conversion is 
halted sixteen data clock cycles after being enabled in 
response to the sector mark signal. That is, the grey 
code is realized as a two byte value identifying the 
current read/write cylinder. In the preferred embodi- 
ments, only 10 bits of the grey code are utilized, with 
successive cylinders being assigned grey code values 
successively differing by only one bit. The two bytes of 
the grey code value are then available on the grey code 
parallel output bus 204 to the address/data bus 64 in 
response to respective output enable control signals 
from the decoder 190 via control lines 202. Thus, the 
controller support circuit performs the mark detection 
and grey code acquisition operation substantially unat- 
tended by the microcontroller 24, though requiring a 
minimum of hardware. 

A phase latch 210 is provided in the controller sup- 
port circuit 30 to support the spin motor controller 34. 
The phase latch 210 functions essentially as a digital 
latch for storing the phase winding value corresponding 
to the particular phase windings to be currently selected 
by the spin motor controller 34. The phase latch re- 
ceives the phase value from the data bus portion of the 
address in data bus 64 on receipt of an enable signal 
from the decoder 190 via an enable control line 212. The 
latched phase value is then immediately provided on the 
phase selection output lines 48. 

A digital control signal latch 214 is similarly provided 
to support the actuator and read/write controllers 32, 
36. A control word is written to the control signal latch 
214 via the data bus portion of the address and data bus 
64. The control word is latched by the control signal 
latch 214 on receipt of a latch enable signal from the 
decoder 190 via control line 216. The respective bits of 
the control word stored by the control signal latch are 
provided onto the index, actuator DAC select, gain 
select and RAM bank select control lines 80, 90, 92, 96. 

Finally, an A/B reset circuit 218 is provided gener- 
ally in support of the read/write controller 36. The A/B 
reset circuit 218 implements unlatched, open collector 
drivers that operate in response to a control signal from 
the decoder 190 via the control line 220. The outputs of 
the open collectors of the A/B reset circuit 218 are 
coupled to the analog signal lines PEAK A and PEAK 
B 84, 86. 


V. Actuator Controller 


The actuator controller 32 is shown in FIG. 7 in 
block diagram form. As disclosed in the above-identi- 
fied application, Actuator for Disk Drive, the preferred 
actuator for use in conjunction with the present inven- 
tion utilizes a voice coil driver permitting continuous 
selection of the pivotal position of the actuator arm 18 
and heads 20. In the preferred embodiments of the pres- 
ent invention, the actuator controller 32 utilizes an 
eight-bit latched-input digital-to-analog converter 230 
to generate an analog voltage value proportional to the 
desired actuator position. The latched inputs of the 
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digital-to-analog converter 230 are enabled and then 
latched in response to the actuator DAC select signal as 
provided on the DAC select line 90. A digital output 
value, as determined by the microcontroller 24, is pro- 
vided via the data bus portion of the address/data bus 
64 to the digital-to-analog converter 230 for latching 
and conversion. The resulting analog output signal is 
provided via the DAC output line 232 to the plus input 
of an operational amplifier 234 configured by the con- 
nection of resistors 240, 242 as a non-inverting amplifier 
having a gain value of approximately 2. The output of 
the operational amplifier 234 is provided via line 244 to 
a voltage following current driver circuit 246. Differen- 
tial output lines 46 from the current driver 246 are con- 
nected to the two terminals of the actuator voice coil. 
The current driver 246 provides for a differential cur- 
rent on the lines 46 proportional to the voltage value at 
the output of the operational amplifier 234. 

Since, in the preferred embodiment of the present 
invention, the data bus portion of the address/data bus 
64 has a width of 8 bits, the resolution range of the 
‘digital-to-analog converter 230 and, therefore the cur- 
rent driver 246, is limited to 256. However, the actuator 
controller 32 is required to support two substantially 
different actuator related operations. These operations 
are seeking and track following. The seeking operation 
involves rapidly moving the heads 20 from one track of 
the rotating media 12 to a substantially different track. 
Seeking over any extended number of tracks optimally 
requires the application of very large current values to 
the actuator voice coil to minimize the total seek time. 
Conversely, the track following operation ideally in- 
volves very minute changes in the voice coil current as 
needed to closely follow a single track. Accordingly, 
the microcontroller 24 providing the gain select signal 
to the actuator controller 32 via gain select line 92 to 
alter, preferably by a factor of 4, the total range of 
obtainable voice coil currents. The gain select signal is 
provided to a open collector buffer 236 connected 
through a resistor 238 to the negative input of the opera- 
tional amplifier 234. Consequently, the microcontroller 
24 is capable of directly altering the gain factor of the 
operational amplifier 234 between fixed gain factors 
with a concurrent realization of a proportional increase 
in the range of selectable current values. 


VI. Spin Motor Controller 


Referring now to FIG. 8, a block diagram of the 
motor controller 34 is shown. In the preferred embodi- 
ment of the present invention, the motor 14 is a DC 
three phase commutatorless motor. The three commu- 
tation nodes of the phase coils, designated as nodes a, b, 
c, are driven by respective phase switches 247, 248, 249. 
The phase switches 247, 248, 249 are selectable to oper- 
ate either as a current source, drawing current from a 
positive voltage supply, or as a current sink, with the 
current load being passed through the reference resistor 
250. The voltage value of the SPIN SNS signal on line 
52 is, therefore, directly proportional to the motor 
winding current level passing through the reference 
resistor 250. The phase select signal as provided by the 
phase latch 210 via the phase select control lines 94 
determines whether the respective phase switches 247, 
248, 249 are sourcing current, sinking current or set to 
a high output-impedance state on their output lines 50, 
502, 503. The switches 247, 248, 249 also receive the spin 
control signal, in common, via control line 70. The spin 
control signal either enables the phase switches 247, 
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248, 249 to be responsive to the phase select value pro- 
vided on the phase select lines 94 or to be commonly 
disabled such that they each present a high output- 
impedance to the nodes a, b, c via coil winding lines 501, 
502, 503. 


VII. Read/Write Controller Data Channel Circuit 


The low level data channel circuit 300, as shown in 
FIG. 9, supports the bidirectional transfer of data to and 
from the individual heads 20 of the actuator sub-assem- 
bly 16, 18, 20. In brief, the write data path for data being 
written to the rotating media is through an ENDEC 251 
where the serial data is encoded, to a data separator 260 
where the encoded data is combined with the data clock 
signal, and finally to a multiplexor 268 for routing to a 
specific head 20. 

Similarly, the read data path begins with data, origi- 
nating from a specific one of the heads, being selected 
for transfer to a pulse detector 276 for initial wave form 
shaping, to the data separator 260 for extraction of the 
read data clock signal and finally back to the ENDEC 
251for decoding back into NRZ data before being pro- 
vided to the disk controller 112. 

In greater detail, the ENDEC (preferably an AIC- 
270 2,7 RLL Encoder/Decoder available from Adap- 
tec, Inc.) is responsive to the write and read gate signals 
generated by the disk controller 112 and provided via 
the control lines 126, 128. On receipt of the write gate 
signal, the ENDEC 251 begins converting NRZ data 
received from the disk controller 112 via NRZ data line 
130 to a 2,7 RLL data format. The encoded data is then 
provided to the data separator 260. The data separator 
utilized in the preferred embodiments of the present 
invention is a conventionally constructed application 
specific integrated circuit (ASIC) utilizing the macro 
function libraries of Ferranti, Inc. 1500 Green Hills Rd., 
Scotts Valley, Cailf. 95066 as described in Ferranti 
ULA, Design Manual, R series, Document A/F102 
issue 1.003, April 1989. The data separator 260 and the 
voltage controlled oscillator (VCO) 262, together, are 
functionally equivalent to the National Semiconductor 
NS8462 Data Separator and a conventional crystal 
controlled clock generator. The VCO 262 is preferably 
a discrete component voltage controlled oscillator, 
utilizing a charge pump to convert the input digital 
clock stream to a VCO control level, of conventional 
design. The use of a discrete component VCO design 
was chosen over the use of the VCO internal to the 
NS8462 to permit a perceived greater control over the 
VCO’s jitter tolerance specification. Another reason for 
chosing to use the ASIC data separator 260 was that it 
allowed precompensation to be used; pre-compensation 
is a conventional feature of disk drive data separators 
that is not available with the NS8462. Finally, the use of 
the ASIC ASIC data separator 262 allows a conven- 
tional 16 MHz crystal controlled clock generator to be 
placed on-chip. Since the NS8462 does not itself pro- 
vide a clock generator function, an external, though 
conventional, clock generator would be needed. 

The data separator 260 drives a 16 megahertz crystal 
to generate a controlled clock signal that is provided to 
the ENDEC 251 and the control system 10 in general 
via the system clock line system 68. The data separator 
260 also provides the same system clock signal to its 
separated data (SD) clock line output and onto the data 
clock lines 132 in response to the write gate signal. The 
data separator 260 receives both the write and read gate 
signals via control lines 126, 128. The data clock signal 
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is used by the ENDEC 251 as the basis for clocking 
encoded data from the ENDEC 251 to the data separa- 
tor via the data line 252. The encoded data from the 
ENDEC 2851 is combined with the data clock signal and 
provided to the multiplexor 268 via the write data line 
270. The multiplexor 268 also receives the head select 
control signals provided by the microcontroller 24 on 
select lines 76. In response, the multiplexor 268 routes 
the write data from the data separator 260 to a head 
select value corresponding one of the head data lines 
272. 

The reading of data from the rotating media 12 must 
serve two different but related purposes. The first, natu- 
rally, is reading the servo burst information from the 
beginning of every sector independent of whether a 
read write, or other data operation is to occur. The 
reading of a servo burst is largely controlled by the 
microcontroller 24. Again responsive to the head select 
value provided on the head select control lines 76, the 
multiplexor 268 routes data read from a specific head 20 
and its corresponding head data line 272 to the multi- 
plexor read data output line 274. The multiplexor 268, in 
addition to performing its signal multiplexor function, 
further performs as a conventional pre-amplifier for the 
data received from any of the head data lines 272. The 
amplified read data is then received by the pulse detec- 
tor 276 (preferably a National Semiconductor NS8464 
Pulse Detector, manufactured and distributed by Na- 
tional Semiconductor Corporation 2900 Semiconductor 
Drive, Santa Clara, Calif. 90501 and described in the 
Advanced Peripheral Processor Solution Handbook 
No.1: Mass Storage National Semiconductor, 1986). 
After further amplification, the read data is passed from 
an analog output, A, of the pulse detector 276 through 
a DC blocking capacitor 280, preferably having a value 
of 0.01 microfarads, to a balanced network 282 via ana- 
log line 284. The balanced network 282, with the excep- 
tion of the capacitor 280, is a conventional implementa- 
tion of the required analog waveform shaping circuitry 
intended and suggested for use with the pulse detector 
276. The shaped analog signal is provided back to the 
pulse detector via analog line 286 for further analog 
signal processing and ultimate conversion to a digital 
serial data stream. The processed, digital version of the 
read data is then provided onto the raw data output line 
88 from the pulse detector 276. This raw data is utilized 
by the controller support circuit 30 for synchronization, 
detection of the sector mark and for the extraction of 
the grey code. 

The analog data stream passed through the capacitor 
280 is also provided to a differentiator 288 before being 
provided to peak detector and hold circuits (peak hold) 
292, 294 via analog lines 290. The peak hold circuits 
292, 294 provide for the capture of the peak analog 
value of the differentiated data signal as provided on 
line 290. The peak hold circuits 292, 294 are respec- 
tively enabled by the Gate A and Gate B signals, as 
provided on the Gate A and B control lines 72, 74 by 
the microcontroller 24. Under the control of the mi- 
crocontroller 24, the peak hold circuits 92 and 294 are 
enabled for the respective durations of the A and B 
bursts. The resulting Peak A and Peak B analog signals 
are provided by the peak hold circuits 292, 294 on the 
Peak A and Peak B analog lines 84, 86 to the microcon- 
troller 24. After conversion of the Peak A and Peak B 
analog signals, the microcontroller 24 may clear the 
peak hold circuits 292, 294 by temporarily shorting their 
outputs to ground in response to the operation of the 
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A/B reset circuit 218 of the controller support circuit 
30. Consequently, the analog peak value held by the 
peak hold circuits 292 and 294 will be reset to zero. 

Referring now to FIG. 10a, an exemplary analog 
wave form as might be received from the pulse detector 
on analog output line 272 is shown. The particular sec- 
tion of the servo burst shown graphically illustrates an 
A/B burst. A portion of filler sync just prior to the A 
burst illustrates, by its peak variation, the occurrence of 
dropout. That is, as a result of variations in the raw 
analog data received by the pulse detector, the analog 
wave form may carry a fluctuation DC bias of sufficient 
magnitude that sync waveform peaks fail to surpass 
their intended minimum threshold values. A conse- 
quence of such an error is that the balanced network 
282 will be improperly perturbed. This source of signal 
fluctuation may in turn lead to errors during the reading 
and of the A/B Bursts, as well as with respect to other 
fields including the address header and date fields. In 
accordance with the present invention, the capacitor 
282 is introduced into the analog signal path at the ana- 
log output of the pulse detector 276 to effectively re- 
move the DC bias and thereby suppress the occurrence 
of dropout. 

FIG. 100 illustrates the same portion of the analog 
data stream as shown in FIG. 10a, but as DC filtered 
and present on the analog data line 284. The preferred 
embodiments of the present invention utilize extremely 
short A/B bursts in order to maximize the portion of the 
linear track length available for other purposes, specifi- 
cally including the storage of data. Accordingly, the 
duration of the respective A and B burst fields is con- 
strained to a nominal 4 microseconds as opposed to a 
more conventional 30 microseconds. A consequence of 
utilizing such a short A/B burst period is that a signifi- 
cant amount of baseline drift, arises as a result of the 
slew between the high amplitude filler sync signal and 
the much lesser amplitude of the A/B burst signal. By 
including a baseline drift perturbed portion of the burst 
signal within the Gate A and Gate B enabled peak hold 
periods, false peak amplitude values, generally corre- 
sponding to the peak amplitudes indicated as Pg, Ps, will 
be captured by the peak hold circuits 292, 294 and ulti- 
mately received by the microcontroller 24. Since the 
A/B burst values are utilized to determine the relative 
position of the head with respect to the center line of the 
track, errors in measuring the A/B bursts will directly 
correspond to an increased data error rate due to mispo- 
sitioning of the heads relative to a track center line. 

The differentiator 288 is provided in the preferred 
embodiments of the present invention to reduce, if not 
eliminate, the effect of baseline drift on the peak capture 
accuracy of the peak hold circuits 292, 294. The differ- 
entiator 288 is realized as an emitter follower config- 
ured bipolar transistor in the analog signal path between 
the analog line 284 and the analog line 290. A single 
pole high-pass filter is coupled to the emitter terminal of 
the emitter follower to implement the differentiator 
function. In the preferred embodiments, the filler sync 
and A/B signal frequency is approximately 2 mega- 
hertz. The differentiator high-pass pole is placed at 
about 9 megahertz to provide an adequate degree of 
differentiation of the A/B burst analog signals. The 
resultant signal provided to the inputs of the A/B burst 
peak hold circuits 292, 294 is shown in FIG. 10c. As 
shown, the peaks of each cycle of the respective A/B 
bursts are essentially constant as a direct consequence of 
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the removal of any perturbing effect due to baseline 
drift. 

Referring again to FIG. 9, the second principal read 
function performed by the data channel circuit 300 is to 
read data from the address header, data and ECC fields 
of data sectors. In response to the read gate signal as 
provided from the disk controller 112 via read gate 
control line 128, the data separator 260 begins providing 
separated data and its corresponding synchronized data 
clock signal to the ENDEC 251. To support this, the 
data separator 260 drives a voltage controlled oscillator 
(VCO) 262 with the error output of a phase lock loop 
synchronized to the digital raw data from line 278. The 
VCO output is fed back via line 266 to the data separa- 
tor 260. The resultant data clock signal, effectively 
separated from the digital raw data and synchronized to 
the data being provided via line 252, is gated onto the 
data clock line 132. The ENDEC 251 receives the sepa- 
rated data and synchronized data clock signal and de- 
codes the data to provide NRZ data to the disk control- 
ler 112 via the NRZ data line 130. 


VIII. Seek Algorithm 


FIG. 1la depicts a speed versus position graphed 
profile of three exemplary seek operations illustrating 
the principles of the seek operation of the present inven- 
tion. An envelope curve (ENV.) defines the maximum 
rate of deceleration achievable by the mechanical actua- 
tor assembly 16, 18, 20 that will achieve a zero radial 
speed of the head 20 at a target track T. The present 
invention provides for a succession of scheduled veloci- 
ties that lie within the envelope for every given distance 
from the target track T. In the preferred embodiments 
of the present invention, the scheduled velocity is im- 
plemented as a three part linear approximation of the 
envelope curve, having a constant scheduled maximum 
speed for all distances greater than 128 tracks. A second 
portion of the scheduled velocity tracks a steadily de- 
creasing maximum speed down to a distance of 16 
tracks away from the target track T. The third and final 
part of the scheduled velocity curve extends at a still 
steeper scheduled decrease in speed down to a sched- 
uled speed of zero at the target track T. Since the sched- 
uled velocity never exceeds the envelope velocity at 
any distance from the target track T, following the 
scheduled velocity will tend to ideally maximize the 
portion of the seek operation where the heads 20 are 
moving at their highest speed toward the target track T, 
subject to being decelerated to arrive at the target track 
T without overshoot. 

The seek operation, for preferred embodiments of the 
present invention, is realized as an iterative process 
described as follows: 


Seek Algorithm 


O=Kgain(Sschd—(Save+ Sfp) + tt Eq. | 
where 
O is the digital value output to the actuator DAC 
Kogain is a seek gain constant 
Sschd is the scheduled velocity 


Sa + Sp Eq. 2 


Save = 2 


where 
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18 
Sg is the calculated actual velocity of the current 
sector 
Sris the predicted velocity for the next sector and 


Sp=Sa+kSa Eq. 3 
where 

|k| is a constant having a typical value of 0.5 

k>O for acceleration 

k<O for deceleration 

k=O for zero acceleration 

Spp=K Feain(Sscha) Eq. 4 

where 

Kain is a feed forward gain constant having a typical 
value of 0.25 : 

I, is an integrator target track band value determined 
from the track follow algorithm 

The actuator voice coil current versus position pro- 
file for a long seek (LS}) operation is shown in FIG. 
115. On initiation of the seek, the gain select signal is 
provided to the actuator controller 32 to select the 
largest range of current values obtainable from the cur- 
rent driver 246. Initially, the calculated actual velocity 
Sq is zero, resulting in a large actuator DAC output 
value O. Assuming that a positive actuator voice coil 
current moves the heads 20 in the direction of the target 
track T, a maximum current output is selected to maxi- 
mally accelerate the heads 20 in the direction of the 
target track T. Maximum acceleration is maintained 
until the current velocity Saye plus a feed forward speed 
value Sy exceeds the current scheduled velocity. The 
current velocity is determined as the average of the last 
measured actual velocity Sz of the heads 20 and the 
predicted velocity Sy of the next velocity calculation. 
The control data for calculating the measured actual 
velocity is obtained by measuring the elapsed time be- 
tween passage of a particular head 20 from one track to 
the next. The processing speed of the microcontroller 
24 is sufficient to process servo bursts at even at maxi- 
mum acceleration and velocity of the heads 20 across 
the tracks. Thus, both the grey code and A/B burst for 
every sector can be obtained and used to determine 
current position of the heads 20. By determining the 
elapsed time between passage over neighboring track- 
centers the actual velocity of the heads 20 can be deter- 
mined. However, since the heads 20 are being acceler- 
ated and the computation to determine actual velocity 
occurs sometime after a servo burst is processed, a pre- 
dicted next calculated velocity, S, is averaged with the 
calculated actual velocity, Sg. The result, Saye, is there- 
fore a close approximation to the current speed of the 
heads 20. As given by Equation 3, the predicted next 
calculated velocity Sris determined as a simple function 
of the last calculated actual velocity, Sg. 

Due to the increasing acceleration of the heads 20, 
the current speed, Saye, plus the schedule dependent 
speed feed forward value, Sy, will rapidly approach and 


60 then exceed the scheduled velocity. Consequently, the 


65 


actuator voice coil current, determined as the product 
of a conversion gain constant (K sgain) and the computed 
error velocity value, will reverse a negative maximum 
current value until the head velocity is braked to that of 
approximately the scheduled velocity less the feed for- 
ward speed. The actuator output value, 0, and the cor- 
responding actuator voice coil current will then tend 
toward a zero current as the head speed equalizes with 
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the scheduled speed. Again, the velocity of the heads 20 
is repeatedly calculated, in accordance with the seek 
algorithm, from the time difference between passing 
over adjacent track-centers as determined by the con- 
tinuous processing of the sector servo bursts. 

At a distance from the target track T of 128 tracks, a 
value chosen for the preferred embodiments of the pres- 
ent invention to permit a close approximation of the 
velocity envelope, the scheduled velocity linearly de- 
creases as a function of distance from the target track. 
Accordingly the actuator output value and voice coil 
current will be increased to increase braking of the head 
velocity to continue to equalize the speed of the heads 
20 with the scheduled velocity. The feed forward speed 
value Sis also proportionately reduced between tracks 
128 and 16. At track 16, the scheduled velocity falls off 
at a greater rate resulting in a greater rate of head brak- 
ing with an ultimate decrease of the actuator output 
value 0 and the voice coil current toward zero. 

As described by Equation 1, the final actuator output 
value 0 and corresponding voice coil current at the 
target track T is not in fact zero. Rather the output 
value 0 is equal to an integrator constant I,. Although 
the actuator assembly 16, 18, 20 is preferably a balanced 
arm unit, there are a number of unbalanced forces act- 
ing on the arm 18 and heads 20. These forces include 
windage and the non-zero, nonuniform servo loop force 
physically exerted by the head data lines 56 and actua- 
tor voice coil power lines 46. In accordance with the 
preferred embodiments of the present invention, a table 
of integrator values, I;, is kept where each table entry 
corresponds to the actuator output value 0 correspond- 
ing to a voice coil current sufficient to maintain the 
heads 20 over a corresponding track within a respective 
band of tracks 22, as generally shown in FIG. 1. For the 
preferred embodiments of the present invention, each 
band of tracks 22 is composed of 64 consecutive tracks. 
While the respective table entry values of I; will vary, 
the preferred embodiments of the present invention in 
implementing the long seek algorithm utilize through- 
out the seek operation the table I, value corresponding 
to the target track band to which the target track T 
belongs. While such use of the integrator values I; is 
quite adequate, successive use of the integrator table I, 
values could be made as the heads 20 pass over the 
corresponding track-bands 22. 

Figures 11c-d illustrate the voice coil current versus 
position profiles for a second long seek (LS2) and a 
short seek (SS). The seek operation illustrated by FIG. 
lle closely parallels that of the long seek operation 
illustrated in FIG. 11b with the exception that the posi- 
tion of the heads 20, at their velocity intersection with 
the scheduled velocity, is within the 16 to 128 track 
distance from the target T. Consequently, the initial 
velocity equilibrium established between the velocity 
schedule and the speed of the heads 20 is at a constant 
braking deceleration until just 16 tracks from the target 
track T. The final deceleration curve to the target track 
T is then the same for both long seeks LS, LS2. 

FIG. 11d illustrates the actuator voice coil current 
versus position profile of a relatively short seek. For the 
preferred embodiments of the present invention, any 
seek operation for less than 45 tracks is considered a 
short seek. This arises from the fact that the accelera- 
tion curve for any seek of less than 45 tracks will result 
in a head speed intersection with a scheduled velocity 
within the last 16 tracks from the target track T. Conse- 
quently, still in full accordance with Equation 1, maxi- 
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mum acceleration is initiated and the microcontroller 
immediately begins to determine whether the scheduled 
velocity has sufficiently approached the rapidly de- 
creasing scheduled velocity to begin breaking to then 
match the head speed with the scheduled velocity. 
Finally, for seeks of less than 3 tracks, the algorithm 
described by Equation i is not used in preference to 
simply pulsing the actuator current to achieve head 
motion in the direction of the desired target track T. 


IX. Track Follow Algorithm 


The preferred embodiments of the present invention 
implement a closed loop servo operation to maintain the 
currently selected one of the heads 20 in alignment with 
a corresponding track at all times other than when seek- 
ing. Central to this operation is a track following algo- 
rithm, defined as follows: 


Track Follow Algorithm 


O=KTegain(Po—JxP—1) +t Eq. 5 
where 
K Zain is a track follow gain constant where 
Kreain=Ki(|Ao|>|Bo| and |Ao{/>|A-i|) or 
(|Ao| >|Bo| and [Bo| >|B_1]) 
K Teain= K2 where (|Ao| 2|Bo| and |Ao|=|A—1|) 
or (Ao| =| Bo] and {Bo|=|B_1]) 
Po is the current off-track distance error 
P_ is the previous off-track distance error where the 
distance error P,» is 
Pn= |\(Au—Bm)| Eq. 6 
and 
Am is the A Burst peak value 
Bm is the B Burst peak value 
jx is a constant where 


O<jx<! 


I, is the integrator-current track-band value where the 
present value of I; is periodically updated as 
Ty=I0+m(Ap— Bw) Eq. 7 
where m is a constant greater than 0 
The track follow servo information is contained 
within the servo burst of each sector as detailed in FIG. 
2c. As defined by Equation 5, the output value 0 utilized 
to specify the actuator voice coil current level is pro- 
portional to the sum of a position error value and the 
current track-band corresponding integrator table value 
I,. The position error of a head 20 with respect to the 
center line of a corresponding track is determined as the 
difference in the digital peak value of the A and B burst 
fields, as indicated by Equation 6. In accordance with 
the preferred embodiments of the present invention, a 
scaling factor jx is utilized to adjust the weight of the 
previous offtrack distance error, P_}. The scaling fac- 
tor jx must be less than or equal to one and greater than 
or equal to zero in order for the closed loop gain of the 
track follow servo to be stable. However, within this 
range, the value of jx may be chosen to approach one to 
yield a slow correction of the track following position 
of the heads 20 or, for jx approaching zero, a very fast 
correction based increasingly on the current off-track 


4,979,055 


21 
error position. In the preferred embodiments of the 
present invention jx is provided with a value of 0.75. 

The position gain error factor K7gain is utilized in 
accordance with the present invention to significantly 
optimize the track follow servo operation. The value of 
the K 7gain factor is selected depending on whether the 
movement of the head 20 is currently toward or away 
from the center line of the track being followed. Where 
the head is moving away, the value of the K 7gain factor 
is increased to a value greater than one. A correspond- 
ing increase in the actuator output value 0 in the proper 
direction to reverse head movement back toward the 
center line of the track being followed is therefore 
achieved. Conversely, where the direction of move- 
ment of the head 20 is toward the center line of the track 
being followed, the gain factor K7gain is reduced to 
unity or less to obtain a damped approach of the head 
toward the center-line of the track and thereby mini- 
mize the likelihood of track center line overshoot. 

As used in the seek algorithm, the integrator value I, 
is used to account for unbalanced forces acting on the 
actuator assembly 16, 18, 20. Accordingly, the integra- 
tor value I; is summed to the gain modified position 
error value to produce the final actuator output value 0. 
However, the track-following algorithm, in accordance 
with the present invention, provides for the dynamic 
updating of the integrator values I; Whenever a partic- 
ular track-band corresponding value I; is being used, it is 
updated during every sector period in the manner de- 
fined by Equation 7. A small fraction (preferably on the 
order of 0.1) of the current off-track error, defined by 
the current A/B burst difference, is summed with the 
current track-band integrator value I, to produce a new 
value I; for subsequent use. While, in the preferred 
embodiments of the present invention, the dynamically 
updated integrator table values are not subsequently 
stored back to the default integrator table maintained in 
the EEPROM 144 (though they could), any difference 
from their default values will be quickly recovered 
following the instigation of track following. 


X. Spin Motor Speed Control Algorithm 


The present invention provides, in its preferred em- 
bodiments, for the “at speed” closed loop control over 
the rotational speed of the rotating media 12. In order to 
prevent any significant negative impact on the accurate 
reading and writing of data to the rotating media 12, 
commutation of the spin motor phase windings is se- 
lected to occur only during the intersector gaps. The 
three phase, three state commutation waveforms uti- 
lized in a preferred embodiment of the present invention 
are shown in FIG. 12. This preferred embodiment uti- 
lizes a 27 sector, and therefore 27 intersector gap, track 
format. The three shared nodes of the phase windings 
are driven by the spin motor controller 34 as being 
sourced current (plus), being a source of current (nega- 
tive), or neutral (0). 

FIG. 13 provides a timing control diagram illustrat- 
ing the manner of speed control utilized in the preferred 
embodiments of the present invention. FIG. 13a is a 
simple line diagram showing the ideal timing of consec- 
utive sector marks as they would occur during the revo- 
lution of the rotating media precisely at its ideal speed. 
The spin motor commutation is initiated for each sector 
during the immediately preceding intersector gap, as 
indicated in FIG. 2e and generally indicated in the line 
diagram of FIG. 135. Commutation of the spin motor 
14, for example, at time A is followed at A» with the 
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initiation of a search by the microcontroller 24 for the 
anticipated occurrence of a sector mark. The microcon- 
troller 24 establishes a maximum timed period begin- 
ning at A and extending through Ay, for the search for 
the sector mark. Ideally, the sector mark occurs at A3, 
as generally shown in the line digram of FIG. 13d. AT 
A3 the sector mark search is terminated and the spin 
commutation period for the current sector is subse- 
quently calculated. The calculation of the spin commu- 
tation period is achieved through an application. This 
search window is generally indicated by the line dia- 
gram of FIG. 3c. in accordance with the present inven- 
tion, of a spin algorithm defined as follows: 


Spin Algorithm 


Scp=kep(to—t—1)—tnom)) +Lep Eq. 8 
where 

Scp is the spin commutation period 

kep is a spin gain constant 

to is the current measured sector time 

t_1 is the previously measured sector time 

tnom is a constant 

I,p is a spin integrator value where 


Ideal Sep=Lep Eq. 9 


and where Icy is updated periodically as 


Lept=Lepo—i where t9>t_| 
Iepl=Igg+i where to<t—1 


Tepi=Icpo where to=t—1 


where i is a small fraction of I.p, preferably on the order 
of 1/256 

The object of the spin algorithm is to maintain a 
constant rotational speed by slightly altering the spin 
commutation period of the individual track sectors. An 
accurate determination of each sector period can be 
obtained by timing the occurrence of the sector marks 
with respect to the system clock. 

As defined by Equation 8, the spin algorithm utilizes 
the net difference in the timed sector periods as an error 
value to adjust the spin commutation period. Any in- 
crease in the net sector period, less a nominal “at speed” 
time period of a sector for the rotating media 12 rotating 
at its proper speed, will yield a corresponding increase 
in the sector commutation period S,,. Since the net 
increase in sector period corresponds to the rotating 
media 12 spinning at a speed below its intended value, 
the increased sector commutation period will have the 
desired effect of increasing the rotational speed of the 
rotating media 12. This set of circumstances is graphi- 
cally illustrated in FIG. 13d where the sector mark 
actually occurs after a time B3 equalling tp minus tng. 
Conversely, where the sector period error is negative, 
the spin commutation period, S,p, is proportionately 
decreased leading to a corresponding decrease in the 
rotational speed of the rotating media 12. As shown in 
FIG. 13d, the early arrival of the sector mark prior to 
time C3, corresponding to the rotating media 12 rotat- 
ing at too high a speed, the net negative sector period 
error, as applied in Equation 8, reduces the spin commu- 
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tation period to achieve a corresponding decrease in the 
rotational speed of the rotating media 12. 

Since the value of to, t_1 tnom are time values, the spin 
gain constant kp is utilized to convert the nominal sec- 
tor spin period to the commutation timer value for the 
microprocessor 24. To account for deviations from 
ideal mechanical circumstances, such as due to losses 
caused by bearing friction, windage and other forces, a 
spin integrator value I;, is summed as shown in Equa- 
tion 8. Depending on how well the current sector per- 
iod tracks the nominal sector period, the spin integrator 
value previous in subsequent iterations of the spin algo- 
rithm is either incremented, decremented or left un- 
changed. By the selection of a small incrementer value 
“4”, the spin integrator value I.) becomes and then re- 
mains a damped reflection of the dynamic spin speed 
losses. 

An interesting effect achieved by the application of 
the spin algorithm defined by Equation 8 is that the spin 
operation is self-compensating toward its nominal rota- 
tional speed, that is, where the rotational speed of the 
rotating media 12 is slowed by, for example, an impulse 
force, there will be an increased time period between 
the commutation of the motor 14 and the occurrence of 
the sector mark that causes a corresponding increase in 
the rotational speed of the rotating media. Conversely, 
an impulse force resulting in an increase in the speed of 
the rotating media 12 will cause a corresponding de- 
crease in the period between commutation and the de- 
tection of a sector mark that will cause a corresponding 
decrease in the speed of the rotating media 12. Both set 
of circumstances achieve results that are consistent with 
the sign of spin speed adjustment that would otherwise 
be required. Naturally, some spin speed adjustment will 
be applied, but of a magnitude reduced by the self com- 
pensating effect realize by the present invention. 

In the preferred embodiments of the present inven- 
tion, adequate control over the spin motor speed is 
readily obtained by applying the spin algorithm only 
once per revolution of the rotating media 12. That is, 
the sector period values to and t_1 are taken as the 
sector period of a single sector during separate revela- 
tions of the rotating media. Similarly, the spin integrator 
value I;p is adjusted only once per revolution. 


XI. Detailed Software Architecture 


To support the real-time, event driven operation of 
the system controller 10, the software architecture of 
the present invention utilizes timed interrupts to manage 
the system controller process flow. Table I lists the 
principal interrupts utilized in the preferred embodi- 
ments of the present invention. 


TABLE I 

INTERRUPTS 
TS New Sector Background Process 
T4 Actuator Background Process 
Tl Mid-Sector Spin Control Process 
TO Sector Period Time-out 
Reset Full System Reinitialize 
IRQ Full Interface Initialize 
SWI Breakpoint, Return to Diagnostics 


Timed interrupts T5, T4, T1, TO are generated by the 
TIO 162 within the microcontroller 24. A reset inter- 
rupt is asserted in response to initial power-on opera- 
tion. An interrupt request (IRQ) is invoked in response 
to a hardware supplied signal from the external host to 
request a full hardware and software interface initializa- 
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tion. The final principal interrupt is a software interrupt 
that, when executed as a microcontroller instruction, 
effectively and conveniently returns execution control 
to the embedded diagnostic monitor routine of the pres- 
ent invention. 


(A) Diagnostic Monitor and Interface Process 


As illustrated in FIG. 14, a system controller self-test 
subprocess R.1 is performed in response to a hardware 
reset interrupt or an unconditional branch to the initial 
instruction location of the self-test routine R.1 by the 
microcontroller 24. The self-test routine R.1 preferably 
performs a conventional data integrity check of its on- 
board RAM 142, EEPROM 146 and control memory 
ROM 26. Execution then passes to an initialization rou- 
tine R.2, wherein the programmable components of the 
system controller 10 are initialized by the microcon- 
troller 24 utilizing initialization data obtained from the 
ROM 26. In addition, some data stored within the EE- 
PROM 146, including principally the integrator table 
values I; and integrator value I,, are transferred to pre- 
defined integrator value locations within the RAM 142 
of the microcontroller 24. Other variables having initial 
or default values are also stored to predefined locations 
within the RAM 142 from the ROM 26. 

With the system controller 10 thus initialized, a reset 
dispatch routine R.3 is then executed. Table II identifies 
four state variables that are relied on throughout the 
operation of the microcontroller 24 to establish and 
maintain continuity between the various microproces- 
sor task functions being performed, all in real time. 


TABLE II 
STATE VARIABLES 


Spin State Control 
Actuator State Control 
Read/Write State Control 
Age State Control 


The spin state, actuator state and read/write state con- 
trol variables are preferably initialized by the microcon- 
troller 24 to a state value, commonly zero, correspond- 
ing to an initialization state and stored in the RAM 142. 
The age state control variable is kept as a data value 
stored in a predefined location within the EEPROM 
146. The dispatch routine R.3 utilizes the current value 
stored in the age state control variable as a pointer for 
determining which of the subroutines R.4.1, R.4.2, 
R.4.3, ..., R.4.n, to next execute. Table III identifies the 
preferred function performed by each of the age sub- 
routines R.4.x. 


TABLE II 

Age Routine Functions 
Test 0 Start monitor 
Test 1 Format, read write 
Test 2 Tracking error test 
Test 3 Start/stop test 
Test 4 Random seek and read 
Test 5 Reformat 
Test 6 Identify bad sectors 
Test 8 Random seek/write/read 
Test 10 Calibrate servo gain 
Test 19 Save I;, kx, etc values 

to EEPROM 

Test 20 Random full retries 
Test 21 Initiate interface routine 
Test 22 Start/stop spin motor 
Test 23 Life exercise test 
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Normally, the age state control variable stored by the 
EEPROM 146 is incremented to the next successive test 
age state control value on successful completion of the 
current age test. The incremented value is written back 
to the EEPROM 146. For a good working system con- 
troller and associated disk drive, the age state control 
variable is finally written to the EEPROM 146 with a 
’ value corresponding to the interface routine R.6. The 
interface routine R.6 is thereafter responsive to com- 
mands and data placed to the system controller 10 via 
the command/data bus 60. 

Completion of each of the individual age tests, or the 
occurrence of an exception condition during a test will 
cause the execution of the diagnostic monitor routine 
R.5. An error flag data variable maintained in the RAM 
142 is utilized to determine whether successful age test 
completion will result in the updating of the EEPROM 
age state control variable and the passage of execution 
back to the dispatch routine R.3 for the continuous 
looping and successive execution of the age test. Table 
IV identifies the principle variables and buffers used in 
the diagnostic monitor routine R.5. 


TABLE IV 
DIAGNOSTIC/MONITOR INTERFACE 


Input Buffer 

User Command Value 
Command Parameters 
Display Buffer 
Current Age Test No. 
Error Flag 

Loop Flag 


Preferably, the occurrence of any exception condi- 
tion will result in the diagnostic monitor routine R.5 not 
updating the EEPROM age state control variable nor 
the immediate passage of execution to the dispatch rou- 
tine R.3. Instead, in the preferred embodiments of the 
present invention, the diagnostic monitor routine R.5 
will communicate the occurrence of the exception con- 
dition to, typically, a conventional dumb terminal at- 
tached to the serial port 62 of the microcontroller 24. 
Preferably, the diagnostic monitor routine R.5 permits 
an end-user, communicating by way of the serial port 
62, to view and alter the state of all data present within 
the RAM 142, the EEPROM 146, the control program 
stored in the ROM 128, all of the readable programma- 
ble registers of the various onchip peripherals, the grey 
code shift register of the controller support circuit 30 
and the read/write controller 112, and finally, the RAM 
110. In addition, the diagnostic monitor routine R.5 
permits testing programs to be downloaded, via the 
serial port 62 to the RAM 110 and then executed. This 
permits the system controller 10 to exercise and gather 
analysis data on itself. Consequently, all aspects of the 
system controller 10 are available for inquiry via the 
serial port 62 and diagnostic. monitor routine R.5. 

In accordance with the preferred embodiments of the 
present invention and due to the centralized execution 
of the principal aspects of all processes within the sys- 
tem controller 10 by the microcontroller 24, the occur- 
rence of most any exception or fault condition can be 
detected of the microcontroller 24. Therefore, the oc- 
currence of an exception condition in real time can be 
identified and the status and control data values rele- 
vant to a causal understanding of the error can be imme- 
diately displayed or stored to the RAM 142 for subse- 
quent review. This is of particular advantage where the 
status and control data values change dynamically 
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(rapid and erratic) or where the exception condition 
only sporadically occurs. The internalized storage of 
the status data at the real time occurance of the error by 
the system controller 10 permits subsequent display of 
the details of the error where display, in real time, of 
changing error data would be too rapid and brief or, at 
the other extreme, too infrequently for detection and 
analysis. 

In addition, the diagnostic monitor routine R.5 may 
be directed to continuously provide a display of normal 
operating status data in addition to real time exception 
condition data. This allows confirmation of the proper 
operation of the system controller 10 as well as the 
visual checking of error data patterns as may result 
from recurring errors by continuous display of data 
again in real-time via the serial port 62. 

Certain of the normal operating and exception condi- 
tion status and data values will, in accordance with the 
preferred embodiments of the present invention, be 
stored into corresponding predetermined locations 
within the EEPROM 146 during the early age tests. 
These data values then become the initialization data 
values, obtained by the initialization routine R.2, to 
optimally configure each system controller 10 for the 
particular electromechanical and media surface charac- 
teristics of its associated disk drive. Specifically, the 
data values determined through the execution of the age 
tests most notably include the integrator values, I, of the 
integrator table used to store the target band integrator 
values, the integrator value Icp used in the spin algo- 
rithm and the various gain constants used in the seek, 
track follow and spin algorithms. 

The diagnostic monitor routine R.5 is used as an entry 
point for collecting all of the commonly utilized subrou- 
tines required in performance of the age tests and the 
interface routine R.6. These subroutines are shown as 
subroutines R.5.1, R.5.2, R.5.3, ..., R.5.n. As shown for 
the interface routine R.6, common subroutine functions 
required in performance of the interface task are ac- 
cessed through the diagnostic monitor routine R.5 to 
initiate the execution of a corresponding subroutine 
R.5.x. This architecture allows the diagnostic monitor 
routine R.5 to monitor, in real-time detail, the execution 
of the age tests R.4.x as well as the ongoing operation of 
the interface routine R.6. On the execution completion 
of any of the subroutines R.5.x a Return From Subrou- 
tine instruction is executed allowing execution control 
to be returned to the original calling routine, such as the 
diagnostic monitor routine R.5 and interface routine 
R.6 as shown and the individual age test routines R.4.x 
(paths not shown). 

The foreground task performed in accordance with 
the present invention is, therefore, essentially two sepa- 
rate processes. The process centered on the diagnostic 
monitor routine R.5 is realized without any significant 
degradation of the processing performance of the mi- 
crocontroller 24 in performing the required interface 
process supported by the interface routine R.6. This is 
achieved through the evident high degree of integration 
of the diagnostic monitor routine R.5 with the interface 
routine R.6 to realize the foreground task as a cohesive 
operation. 

Considering the interface routine R.6 itself, Tables V 
and VI describe the principle command data fields 
placed by the interface controller 28 in the RAM 110 in 
response to a host command. 
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TABLE V 
INTERFACE CONTROL VARIABLES (SCSI) 


Target Priority 

Target I.D. 

Initiation LD. 

SCSI Command Description Block 
SCSI Request Block 

Requested Data Length 
Initiator Starting Block Address 
Reserve Target I.D. 

Reserving Initiator I.D. 
Arbitration Time Value 
Initiator Attention Flag 


TABLE VI 
INTERFACE CONTROL VARIABLES (RAW) 


Operation Request 
Cylinder Request 
Head Request 
Sector Request 


The interface control variables listed in Table V cor- 
respond to the ordinary SCSI common core protocol 
variables. The interface control variables listed in Table 
VI comprise the much simpler information that is ob- 
tainable by the interface controller 28 as a command 
from the peripheral data and control bus of a conven- 
tional “AT” personal computer. That is, the interface 28 
controller is presented with a minimum set of informa- 
tion merely identifying the physical cylinder, head and 
sector for which a data operation is to be performed and 
an operation request indicating the nature of the re- 
quest, such as to perform a sector read, write or format. 
Absent other activity, the interface routine R.6 watches 
for a command to become available in the RAM 110, 
then accesses the command via the disk controller 112. 
The interface routine R.6 then performs the succession 
of operations necessary to support the disk controller 
112 as necessary to actually perform the command. This 
activity actually entails, excepting the support of the 
interface controller 28 in the performance of SCSI mes- 
saging protocols, largely writing an appropriate value 
to the actuator and read/write state control variables in 
the RAM 142, providing successive cylinder, head and 
sector identification data to the disk controller 112 and 
performing comparisons of current track and sector 
values against target values in respective predefined 
variable storage locations, also in the RAM 142. The 
occurrence of the timed interrupts initiating the back- 
ground tasks of the present invention will subsequently 
cause the interface “message”, consisting of the new 
values provided in the actuator and read/write state 
control and data variable locations, to be recognized 
and performed. 

An alternate software interface between the diagnos- 
tic monitor and interface routines R.5, R.6, and the 
background actuator read/write and spin motor tasks, 
A.x, RWR.x, M.x, is shown in FIG. 15. Rather than 
directly altering the state control variables and other 
related operating data variables directly utilized by the 
background tasks, a command buffer 320 is established 
in the RAM 142, or alternately, the RAM 110. The 
command buffer 320 preferably includes a command 
register 322 containing the initial state control variables 
required to initiate the execution of a command by the 
background tasks, a result register 324 providing for the 
storage of completion status values, and a command 
data buffer 326 for temporarily buffering any command 
specific data, such as target track and sector values, 
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provided along with the command. Thus, any ongoing 
operations being performed by the background actua- 
tor, read/write, and spin motor tasks are not disturbed 
by the receipt and initial management of a host com- 
mand by the microcontroller in executing the interface 
routine R.6. 


B. Sector Task 


The new sector task occurs in response to interrupt 5, 
generated in response to the expiration of the T5 count 
value. As generally shown in FIG. 2e, the sector task is 
composed of sucessive spin motor, read/write, actuator 
and second spin motor subprocess. The detailed soft- 
ware architecture of the sector task is shown in FIG. 16. 
On receipt of the T5 generated interrupt, the microcon- 
troller 24 immediately executes a spin motor commuta- 
tion routine to provide a previously prepared phase 
winding select value to the phase latch 210 of the con- 
troller support circuit 30. The T5 counter is then reset, 
as indicated, by the execution of routine S.2. The mi- 
crocontroller 24 then executes a read/write error check 
and dispatch routine S.3. Where a read/write task was 
in progress with respect to the prior sector, as deter- 
mined by the sector task for current sector, the sector 
task must quickly determine whether a read/write, spin 
or off-track error occurred during the operation. Spin 
and off-track error flags are posted during the prior 
sector period. A read or write error will be detected by 
the disk controller 112 and signalled by a register flag. 
If one of these errors did occur, the microcontroller 24 
must suspend the read/write process, pending correc- 
tion of an off-track or spin error, and then restart the 
read/write process with a retry of the sector operation 
that failed due the occurance of the error. The mi- 
crocontroller 24 initiates a recovery procedure by alter- 
ing the control state variable value for not only the 
read/write task, but also the spin and actuator tasks if 
appropriate. Then, based on the value now stored in the 
read/write state control variable, one of the read/write 
task initialization routines S.4.1, S.4.2, $.4.3,...,S.4.n 
is selected by storing its address in a read/write chain to 
address storage location in the RAM 110. The functions 
of the principle initialization routines are listed in Table 
VIL. 


TABLE VII 
READ/WRITE STATES 


0 initialize AIC-010 

1 read/write ready 

3 abnormal end of read/write 
4 format first sector 

5 format next sector 

6 format last sector 

7 start sector write 

8 write sector 

9 retry sector write 
10 last sector write finish 
11 start read sector 
12 restart read sector 
13 read, start data transfer 
14 read, continue data transfer 
15 stop read, continue data transfer 
16 stop read, stop data transfer 


On completion of the selected one of the task initial- 
ization routines S.4.x, a ‘next-execution‘ or chaining 
address is stored to a predefined address storage loca- 
tion in the RAM 142. This chaining address will be 
subsequently used to identify a specific read/write sub- 
task for later execution. The read/write initialization 


4,979,055 


29 


routines S.4.x, after saving the chaining address, termi- 
nate by transferring control of program execution to the 
find sector mark routine S.5. This routine initiates the 
sector mark search by continuously polling the state of 
the sector mark line 78. After a predetermined period of 
time spent waiting for the sector mark, a mark error 
routine S.5.1 will be executed to post an error flag and 
save the error-related status data. In addition, the mark 
error routine S.5.1 will change the spin state control 
variable value to effect a request for an error spin-down 
of the spin motor 14. 

If, however, a sector mark is found during the execu- 
tion of routine S.5, an interrupt timer initialization rou- 
tine S.6 is then immediately executed. This routine S.6 
provides for the restarting of the timers T5, T4, T1, TO 
for the current sector period. In particular, the value 
assigned to the T5 timer is that value determined by the 
spin motor algorithm. The TO value is chosen to be the 
longest sector period time allowable within the toler- 
ances. of the system controller 10. The T4 and T1 time 
delays are selected as one-eighth and approximately 
one-half, respectively, of the current sector period. 
Thus, the sector task initializes all of the background 
tasks for execution during the current sector period as 
well as initializing itself with respect to the next sector. 
The sector task then concludes with the execution of a 
Return From Interrupt instruction. 


C. Actuator Task 


In response to interrupt 4, generated on expiration of 
the timer T4 count value, an actuator dispatch routine 
A.1 is executed, as generally shown in FIG. 17. The 
dispatch routine A.1 utilizes the actuator state control 
variable value to select one of a number of state opera- 
tion routines to perform. These state routines are identi- 
fied by function in Table VIII. 


TABLE VIII 
ACTUATOR CONTROL STATES 


Recal to I.D. Crash Stop 

Seek NOP 

Initiate Seek 

Short Seek (~ 2 Tracks) 

Long Seek: Initialize 

Long Seek: Accelerate to Schedule 
Long Seek: Follow Schedule 
Actuator Track Follow 

Seek and Track Follow Error, Retry 
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There are basically three types of actuator state oper- 
ations. These types include initialization, seeking and 
track following. An initialization routine A.2 directs a 
recalibration of the actuator by moving the actuator to 
track 0. 

The seeking operations are initiated by the execution 
of a seek initialization routine A.3. This routine A.3 
operates to determine the direction and length, if any, of 
a seek. If already present on the requested track, the 
actuator state control variable value is set to next select 
the track following routine A.7 by the way of dispatch 
routine A.1. If a seek is in fact required, a determination 
is made as to whether it is a short seek, within plus or 
minus two tracks, or a long seek. The actuator state 
control variable value is then set to have the dispatch 
routine A.1 next select either the short seek or long seek 
routine A.4, A.5, as appropriate. In either case, the seek 
initialization routine completes by the execution of a 
Return from Interrupt instruction. As should be evi- 
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dent, the seek operations each typically require multiple 
sector periods to complete. 

The short seek routine A.4, when invoked from the 
dispatch routine A.1, initially pulses the actuator to 
obtain movement in the direction of the target track and 
thereby initiates the seek, waits over perhaps several 
sectors to move the one or two tracks, and then sets the 
actuator control state variable value to select the track 
follow routine A.7 before its final execution of a Return 
from Interrupt instruction. 

The long seek routine A.5, implementing the seek 
algorithm of the present invention, initially sets the 
actuator for maximum acceleration in the direction of 
the target track T, waits for a duration of multiple sec- 
tors until the velocity of the heads 20 begins to closely 
approach that of the seek schedule. The actuator state 
control variable value is then altered to select the seek 
schedule routine A.6 before its final termination with a 
Return from Interrupt instruction. 

The seek schedule routine A.6 implements the actua- 
tor seek algorithm for following the scheduled velocity 
until the heads 20 are within a fraction of a track width 
(preferably less than 50 percent of a track width) of the 
target track center line. The actuator state control vari- 
able value is then changed to select the track following 
routine A.7 before the seek schedule routine A.6 termi- 
nates with a Return from Interrupt instruction. 

The track follow routine A.7 implements the track 
follow algorithm of the present invention. Thus, once 
per sector, an adjustment is made to the position or 
change in position of the heads 20 relative to the center 
line of the current track. The variables used in the exe- 
cution of seek and the track-follow algorithms are iden- 
tified in Table IX. 


TABLE Ix 
ACTUATOR CONTROL VARIABLES 


Current Off-track Position 
DAC Output Value 

Current Grey Code Cylinder Value 
Distance to Target Track 
Seek Direction 

Expected Seek Grey Code 
Actuator Velocity 

Predicted Velocity 

Actuator Gain Control Value 
Grey Code Error Flag 

Seek Error Counter 

Short Seek Flag 

RAM Integrator Table 


If there is no read/write operation pending, as deter- 
mined from the read/write state control variable value, 
each sector execution of the track following routine A.7 
will typically complete by the execution of a Return 
from Interrupt instruction. Periodically, termination of 
the track following routine A.7 will instead invoke the 
integrator update routine A.9. This routine A.9 adjusts 
the integrator value I; for the present track-band 22 
based on the updated value provided by the track fol- 
low algorithm. The modified value of the integrator I;is 
then available for use in subsequent track following 
calculations, at least until it is again updated. The inte- 
grator update routine A.9 may then terminate by the 
execution of a Return from Interrupt instruction or, as 
with the track-follow routine A.7, if there is a pending 
read/write operation, program execution control will 
be passed to the read/write routine RWR.x based on the 
chain address set up by the read/write task initialization 
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routine executed during the performance of the sector 
task. 


D. SPIN MOTOR SPEED CONTROL TASK 


The occurrence of an interrupt in response to either 
the T1 or TO timer count expiration, will involve the 
spin motor task dispatch routine M.1. The only differ- 
ence, in the preferred embodiments of the present in- 
vention, between the occurrence of the TO interrupt as 
opposed to the T1 interrupt is that the spin state control 
variable value will be forced to an error spin down state 
corresponding value following a TO interrupt. The spin 
control states are listed in Table X. 


TABLE X 
SPIN CONTROL STATES 


No Spin Control 

Set Full Spin Power 

Diagnostic Test Motor Coils 
Spin-up Using Full Position Sensor 
Measure Spindle Coil Current 
Spin-up Using EMF Current Feedback 
Spin-up Using Sector Marks 

“At Speed” Closed Loop Spindle 
Speed Control 

Spin-up Error Reset and Retry 

Set Spin-down Delay 

Spin Stop 


WAOIDWNRKO 


The spin motor task performs essentially four pri- 
mary functions. These functions include bringing the 
spin motor and rotating media 12 up to a predetermined 
rotational velocity, precisely maintaining the spin ve- 
locity of the rotating media 12, stopping the spin motor 
14 and handling spin motor speed errors. For the first 
function, the dispatch routine M.1 will have a spin state 
control variable value selecting the start spin routine 
M.2. The start spin routine M.2 provides for the initial- 
ization of the spin motor spin-up process as described in 
detail in the above-identified Application METHOD 
AND APPARATUS FOR BRUSHLESS DC 
MOTOR SPEED CONTROL. In brief, this procedure 
involves a full position sense (F.P.S.) operation for 
initiating the proper directional rotation of the rotating 
media 12 up to approximately twenty percent of the 
spin motor’s final speed. The start spin routine M.2, on 
completing initialization, sets the spin state control vari- 
able value to select the the full position sense routine 
M.3. Until the twenty percent spin velocity is reached, 
the full position sense routine M.3 continues to be exe- 
cuted periodically, based on a default sector period 
time. Once the twenty percent speed level is achieved, 
.the full position sense routine M.3 changes the spin state 
control variable value to select the EMF sense routine 
M.4. The EMF sense routine M.4 utilizes a back EMF 
sensing procedure to continue the acceleration of the 
spin motor toward its final rotational speed. Once the 
final speed is very nearly achieved, the EMF routine 
M.4 sets the spin state control variable to select an open 
loop/find mark routine M.5. This routine M.5 begins a 
search for an identifiable sector mark on the rotating 
media. In preferred embodiments of the present inven- 
tion, the total search period extends over the expected 
length of approximately four full sectors. On failure to 
find any recognizable sector mark, the open loop/find 
mark routine M.5 will set the spin state control variable 
to select the error spin down routine M.10. However, 
on properly finding a proper sector mark, the open 
loop/find mark routine M.5 invokes a short, initialize 
closed loop spin routine M.6 that then chains to a spin 
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closed loop routine M.7. This latter routine M.7 imple- 
ments the full, “at speed” spin algorithm for controlling 
the rotational speed of the rotating media 12. The prin- 
cipal variables used in the execution of the spin algo- 
rithm are listed in Table XI. 


TABLE XI 
SPIN CONTROL VARIABLES 


Spin Duty Cycle 

Spin Reference Time 
Spin Speed Error 
Maximum Current 
Motor Position Current 
Time Out Counter 
Spin Up Retry Counter 
Previous Sector Time 


In the preferred embodiments of the present inven- 
tion, the spin closed loop routine M.7 invokes an adjust 
closed loop spin routine M.8 once per track revolution. 
This adjust spin routine M.8 provides for the adjustment 
of the spin commutation period and spin commutation 
integrator value I-p in accordance with the spin motor 
algorithm. In any case, the spin closed loop and adjust 
closed loop spin routines M.7, M.8 will either terminate 
by the execution of a Return from Interrupt instruction 
or, where there is a pending read/write operation, by 
chaining to the chaining address identified read/write 
routine RWR.x selected during the execution of the 
sector task. 

It should be noted that, in accordance with the pre- 
ferred embodiments of the present invention, the closed 
loop spin routine M.7 does not, in fact, perform the 
commutation of the spin motor 14. Rather, the function 
of the spin closed loop routine M.7 is to establish the 
next phase winding select value and T5 value (spin 
motor duty cycle) that will be stored to the phase latch 
210 of the controller support circuit 30 and provided to 
the T5 TIO counter during the execution of the sector 
task. 

If the error spin down routine M.10 is selected by the 
dispatch routine M.1, the motor controller 34 is disabled 
and the commutation of the spin motor 14 is halted to 
allow the spin motor to slow down. To wait while the 
spin motor slows, the error spin down routine M.10 sets 
the spin state control variable value to select the spin 
down delay routine M.11 or, if a number of spin speed 
related errors arbitrarily defined as excessive (typically 
two) have occurred, the error spin stop routine M.12. 
Assuming that a restart is appropriate, the spin down 
delay routine M.11 will wait until it determines that an 
adequate period of time has passed to allow the rotating 
media 12 to stop before initiating the restart of the spin 
motor 14. The restart is initiated by setting the spin state 
control variable to next select the start spin routine M.2. 

The error spin stop routine M.12 and the normal 
power off spin stop routine M.9 operate similarly in that 
they terminate the commutation of the spin motor 14. 
These routines M.9 and M.12, thereafter, perform a null 
function essentially by simply executing a Return from 
Interrupt instruction. The only difference between 
these two routines M.9, M.12, is that error spin stop 
routine M.12 saves the error related status data for use 
by the diagnostic monitor routine R.5 on each initial 
selection of the routine for execution. 


E. READ/WRITE TASK 


The control flow of the read/write task is generally 
shown in FIG. 19. In the preferred embodiments of the 
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present invention, the routines RWR.1, RWR.2.x, 
RWR.3.x, RWR.4.x, RWR.6.x of the read/ write task 
are directly chained to on completion of either the actu- 
ator or spin motor task. The specific read/write routine 
chained to is determined during the sector task. There- 
fore, the execution overhead required for selecting a 
specific read/write routine is moved to its subtask posi- 
tion within the sector task to facilitate read/write error 
handling and to maximize the available time following 
completion of either the actuator or spin motor task to 
perform the necessary read/write operations. 

The basic operations performed are initialization, 
formatting, sector reading and sector writing as respec- 
tively provided for by the routines RWR.1.x, RWR.2.x, 
RWR.3.x, and RWR.4.x. The basic operations of the 
format, read and write functions are implemented by 
programming a corresponding operation to be per- 
formed by the disk controller 112. The principal vari- 
ables used in the read/write task routines are listed in 
Table XII. : 


TABLE XII 
READ/WRITE CONTROL VARIABLES 


Current Cylinder 

Current Selected Head 
Current Sector Position 
Target Cylinder 

Target Head 

Target Sector 

No. Sectors to Read/Write 


On completion of respective format, read and write 
operations, a read/write end routine RWR.5 is executed 
to confirm and post the status of a successful completion 
of an operation or, if an exception condition exists as a 
result of the operation, to save the status data relevant 
to the error condition and flag the operation as having 
failed. Finally, a read/write complete routine RWR.6 is 
invoked on successful completion of any operation. 


XII. SUMMARY 


Thus, a highly efficient software architecture for the 
real time control and management of a rotating media 
type data storage peripheral, including an embedded 
diagnostic. monitor for uniquely qualifying the initial 
setup of the peripheral and the real-time captured ex- 
ception conditions and operating data for real-time and 
subsequent display and analysis, has been described. 

Clearly, many modifications and variations of the 
present invention are possible in light of the above 
teachings. Therefore, it is to be understood, that within 
the scope of the appended claims, the principles of the 
present invention may be realized in embodiments other 
than as specifically described herein. 

We claim: 

1. A control architecture that provides for the storage 
and retrieval of data with respect to a rotating media 
and transfer of data with respect to a host in response to 
host commands, wherein the data is read and written by 
a sensor with respect to the rotating media, said control 
architecture comprising: 

(a) a microcontroller; and 

(b) a memory containing a control program, said 

memory being coupled to said microcontroller to 
permit execution of said control program by said 
microcontroller, the execution of said control pro- 
gram providing for the performance of a plurality 
of microcontroller control processes including: 
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(i) a plurality of first control processes including a 
spin contro! process for controlling the spin 
speed of the rotating media, a positioning control 
process for controlling the positioning of said 
sensor and a read/write control process for con- 
trolling the reading and writing of data with 
respect to said rotating media; and 

(ii) a plurality of second control processes for con- 
trolling said first control processes, said second 
control processes including an interface control 
process for controlling said first control pro- 
cesses in the execution of host commands and a 
monitor control process for the execution of 
diagnostic commands for controlling said first 
control processes independent of said host. 

2. The control architecture of claim 1 wherein data is 
stored by said rotating media in concentric tracks, 
wherein each track includes a plurality of consecutive 
sectors, wherein the time required for a predetermined 
sector to pass by said sector defines a sector period, 
wherein said first control processes are performed by 
said microcontroller during each of a series of consecu- 
tive sector periods, wherein said memory includes a 
plurality of predetermined data storage locations, 
wherein said microcontroller performs said first control 
processes dependant on data values programmed into 
said plurality of predetermined data storage locations, 
and wherein said interface and monitor control pro- 
cesses control said first control processes by program- 
ming predetermined data values into said plurality of 
predetermined data storage locations. 

3. The control architecture of claim 1 or 2 wherein 
said memory includes a plurality of reprogrammable, 
non-volatile data storage locations, wherein said second 
control processes provide for programming of the data 
values programmed into said non-volatile data storage 
locations to pre-selected ones of said predetermined 
data storage locations, and wherein said second control 
processes provide for the reprogramming of said non- 
volatile data storage locations with the data values pro- 
grammed into said pre-selected ones of said predeter- 
mined data storage locations. 

4. The control architecture of claim 3 wherein the 
execution of said control program is initiated by execu- 
tion of an initialization process including a dispatch 
sub-process, execution of said dispatch sub-process by 
said microcontroller selecting one of said second con- 
trol processes for execution dependent on an age data 
read from a predetermined reprogrammable, non- 
volatile data storage location of said memory, said mi- 
croprocessor selecting said monitor control process for 
execution in response to the reading of a first predeter- 
mined age data value and said interface control process 
for execution in response to the reading of a second 
predetermined age data value. 

5. The control architecture of claim 4 wherein said 
monitor control process includes a plurality of diagnos- 
tic sub-processes and wherein said dispatch sub-process 
further selects ones of said diagnostic sub-processes for 
execution in response to the reading of respective pre- 
determined age data values from said predetermined 
reprogrammable, non-volatile data storage location of 
said memory, wherein said diagnostic subprocesses 
provide for the selective programming of data values 
into said plurality of predetermined data storage loca- 
tions and for the reprogramming of the data value 
stored in said predetermined reprogrammable, non- 
volatile data storage location of said memory. 
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6. A disk drive comprising: 

(a) a disk for storing data in a plurality of concentric 
tracks on a surface of said disk and within a track 
band defined by predetermined inner and outer 
diameter tracks; 

(b) a transducer for reading data from said disk; 

(c) a spin motor, coupled to said disk, for rotating said 
disk; 

(d) an actuator, coupled to said transducer, for posi- 
tioning said transducer relative to said tracks; and 

(e) control means for providing communication sig- 
nals to control the commutation of said spin motor 
and positioning signals to said actuator to control 
the positioning of the transducer, said control 
means including a microcontroller for executing a 
control program and a memory coupled to said 
microcontroller and providing for the storage of 
said control program, said memory further provid- 
ing for the non-volatile storage of initialization data 
values; 

wherein execution of said control program by said 
microcontroller provides for performance of a 
control process for operating said disk drive depen- 
dent on a predetermined initialization data value 
stored by said memory, the performance of said 
control process further determining a revised ini- 
tialization data value and replacing said predeter- 
mined initialization data value with said revised 
initialization data value in said memory. 

7. The disk drive of claim 6 wherein said positioning 
control process is a positioning control process for posi- 
tioning said transducer with respect to a predetermined 
track, wherein said positioning control process utilizes 
said predetermined initialization data as a constant in a 
positioning algorithm performed by said positioning 
control process. 

8. The disk drive of claim 7 wherein said initialization 
data value is a predetermined plurality of position algo- 
rithm initialization data values respectively correspond- 
ing to a plurality of subbands of said track band, 
wherein each said subband consists of one or more 
concentric tracks of said track band, and wherein said 
positioning control process determines a revised data 
value for at least one of said position algorithm initial- 
ization data values for replacement of the respective 
one of said predetermined plurality of position algo- 
rithm initialization data values in said memory. 

9. The disk drive of claim 6 or B wherein perfor- 
mance of said positioning control process provides for 
maintaining the position of said transducer with respect 
to a predetermined track by the application of a position 
control signal to said actuator where said position con- 


trol signal (0) is determined as 
O=K regain (Po—jxP—I) +11 


where K 7yain is a predetermined gain constant, where 
Pois the off-track error of a current sector with respect 
to said transducer, P_ is the off-track error of a previ- 
ous sector with respect to said transducer, where jx is a 
constant O<jx<1, and where I; is said predetermined 
initialization data value, wherein the present value of I; 
is periodically updated as I;=I,o-+m(Po), where m is a 
constant greater than 0. 

10. The disk drive of claim 9 wherein said postioning 
control process utilizes said predetermined initialization 
data value in determining a position seek control con- 
trol signal, for application to said actuator, as 


—_ 
oO 


20 


25 


30 


35 


45 


50 


55 


65 


36 


Os= K sgain(Sschd— (Save+ SA +h 


wherein K sgain is a seek gain constant, Sschd is the sched- 
uled velocity, Saye is average of the calculated actual 
velocity of said transducer and the predicted velocity 
for a next sector, Syis the product of a gain constant 
times Ssend, and where I, is said predetermined initializa- 
tion data value. 

11. A disk drive system comprising: 

(a) a disk assembly including a disk for storing data in 

a plurality of concentric tracks, each track includ- 
ing a plurality of sectors, said plurality of concen- 
tric tracks being located within a track band on a 
surface of said disk a transducer for reading data 
from the disk, a spin motor for rotating the disk in 
response to a commutation control signal, an actua- 
tor for positioning the transducer relative to the 
disk in response to a position control signal; and 

(b) control means for controlling said disk assembly, 

said control means including a microcontroller, a 
memory providing for the storage of a control 
program and initialization data values, said mem- 
ory being coupled to said microcontroller to allow 
said microcontroller to execute said control pro- 
gram dependant on said initialization data values, 
the execution of said control program providing 
for the performance of a plurality of control pro- 
cesses with respect to each sector as it passes said 
transducer, said plurality of control processes in- 
cluding a positioning process providing for the 
generation and provision of said positioning signal 
to said actuator by said microcontroller, said posi- 
tioning process determining said position control 
signal based on a predetermined initialization data 
value stored in said memory with respect to a pre- 
determined track, said positioning process includ- 
ing a subprocess for determining a revised initial- 
ization data value and for storing said revised ini- 
tialization data value in said memory with respect 
to said predetermined track. 

12. Ina disk drive including a media providing for the 
storage of data, a spin motor for rotating said media, an 
actuator for positioning a sensor with respect to a sur- 
face of said disk for the transfer of data, a memory for 
storing a control program and initialization data, a mi- 
crocontroller dedicated to the control of said disk drive 
through the execution of said control program and a 
host computer interface for the transfer of host com- 
puter commands and data, an improvement in the con- 
trol function performed by said microcontroller upon 
execution of the control program, wherein the improve- 
ment comprises: 

means for communicating diagnostic commands and 

data with said microcontroller independent of said 
host computer interface; and 

a control program providing for the performance of a 

plurality of control functions with respect to said 
disk drive in response to the execution of corre- 
sponding control processes of said control pro- 
gram, the execution of a first predetermined set of 
said control processes being responsive to control 
messages determined by a second predetermined 
set of control processes, said second predetermined 
set of control processes including a host interface 
control process and monitor control process, said 
host interface control process providing for the 
issuing of control messages to said first predeter- 
mined set of control processes in response to host 
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computer commands and said monitor control pro- 
cess providing for the issuing of control messages 
to said first predetermined set of control processes 
in response to diagnostic commands and received 
from said communicating means. 
13. The disk drive of claim 12 wherein said improve- 


ment further comprises: 


(a) first means, coupled between said microcontroller 
and said spin motor, for transferring a spin control 
signal from said microcontroller to said spin motor 
and returning a spin sense signal corresponding to 
the response of said spin motor to said spin control 
signal; and 

(b) second means, coupled between said microcon- 
troller and said actuator, for transferring a position 
control signal from said microcontroller to said 
actuator and returning a position sense signal cor- 
responding to the position of said sensor with re- 
spect to a predetermined track and a sector timing 
signal corresponding to the position of said sensor 
with respect to a predetermined sector of said pre- 
determined track; 

said first predetermined set of control processes in- 
cluding a sector control process, a spin control 
process and an actuator control process, execution 
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of said sector control process providing for the 
repeated execution of said sector spin and actuator 
control processes with respect to the sensors as 
they rotate past said sensor, execution of said spin 
control process providing for control of the rota- 
tion rate of said disk, in response to said spin sense 
signal and said sector timing signal, by generation 
of said spin control signal, and execution of said 
actuator control process providing for control of 
the position of said sensor with respect to said 
predetermined track, in response to said position 
sense signal, by generation of said position control 
signal, said monitor control process providing for 
the communication of data corresponding to the 
performance of said first predetermined set of con- 
trol processes in response to diagnostic com- 
pounds. 

14, The disk drive of claim 13 wherein said monitor 
control process further. provides for the modification of 
said initialization data stored by said memory, whereby 
the performance of said first predetermined set of con- 
trol processes is modified dependant on the physical 


characteristics of said disk drive. 
* * * * * 


